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POPULAR CHEMISTRY. 



INTRODUCTORY. 

Why is the science of chemistry so named F 

Because of its origin from the Arabic, in which lan- 
guage it signifies " the knowledge of the composition 
of bodies." 

The following definitions of chemistry have been 
giren by some of our best writers : — 

'* Chemistry is the study of the efiects of heat and 
mixture, with the view of discovering their general 
and subordinate laws, and of improving the useful 
arts." — Dr. Black. 

^ Chemistry is that science which examines the con- 
stituent parts of bodies, with reference to their nature, 
proportions, and method of combination." — Bergman. 

" Chemistry is that science which treats of those 
events or changes, in natural bodies, which are not ac- 
companied by sensible motions." — Dr. Thompson. 

" Chemistry is a science by which we become ac- 
quainted with the intimate and reciprocal action of all 
flie bodies in nature upon each other." — Fourcroy. 

The four preceding definitions are quoted by Mr. 
Parkes, in his Chemical Catechism. 

b2 



4 KNOWLEDGE FOR THE PEOPLE. 

Dr. JohnsoD (from Arbuthnot) defines " chymistry" 
as " philosophy by fire." 

Mr. Brande says '* It is the object of chemistry to 
investigate all changes in the constitution of matter, 
whether effected by heat, mixture, or other means." — 
Manual^ 3rd edit. 1830. 

Dr. Ure says " Chemistry may be defined the science 
which investigates the composition of material sub- 
stances, and the permanent changes of constitution 
which their mutual actions produce." — Dictionary y 
edit. 1830. 

Sir Humphry Davy, in his posthumous work,* says, 
'* There is nothing more difficult than a good definition 
of chemistiy ; for it is scarcely possible to express, in 
a few words, tiie abstracted view of an infinite variety 
of facts. Dr. Black has defined chemistry to be that 
science which treats of the changes produced in bodies 
by motions of their ultimate particles or atoms : but 
this definition is hypothetical ; for the ultimate parti- 
cles or atoms are mere creations of the imagination. 
I will give you a definition which will have ti^e merit 
of novelty, and which is probably general in its appli- 
cation. Chemistry relates to those operations by which 
the intimate nature of bodies is changed, or by which 
they acquire new p'operties. This definition will not 
only apply to the effects of mixture, bat to the pheno- 
mena of electricity, and, in short, to all the changes 
which do not merely depend upon the motion or divi- 
sion of masses of matter." 

Cuvier, in one of a series of lectures, delivered at 
Paris, in the Spring of last year, says ^ the name che- 
mistry, itself, comes from the word chim^ which was 
the ancient name of Egypt ;" and he states that mine- 
rals were known to the Egyptians ^^ not only by their 
external characters, but a£o by what we at tne present 
day call their chemical characters,*^ He also adas, that 
what was afterwards called the Egyptian science, the 

* Consolations in Travel ; or the Last Days of a Philosopher. 1830. 
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Hermetic art, the art of transmuting metals, was a mere 
reverie of the middle ages, utterly unknown to anti- 
quity. *' The pretended books of Hermes are evidently 
supposititious, and were written by the Greeks of the 
lower £mpire." 

Why is chemistry essential to man in his highest state 
of cultivation P 

Because every part of his body is covered with the 
products of different chemical and mechanical arts ; 
made not only useful in protecting him from the in- 
clemency of the seasons, but combined in foims of 
beauty and variety ; creating out of the dust of the 
earth, from the clay under his feet, instruments of use 
and ornament; extracting metals from the rude ore, 
and giving to them a hundred different shapes for a 
thousand different purposes ; selecting and improving 
the Tegetable productions with ivhich he covers the 
earth ; making the winds carry him on every part of 
the immense ocean ; and compelling the elements of 
air, water, and even fire, as it were, to labour for him ; 
concentrating in small space materials which act as 
the thunderbolt, and directing their energies so as to 
destroy at immense distances ; blasting lSke rock, re- 
moving the mountain, canying water from the valley 
to the hill, Sec. Or, to be more minute, the rendering 
skins insoluble in water, by combining with them the 
astringent principle of certain vegetables, is a chemi- 
cal invention ; and without leather, our shoes, our 
carriages, our equipages, would be very ill made: 
the bleaching and dyeing of wool and silk, cotton 
and flax, are chemical processes, and the conver* 
sion of them into different clothes, is a mechanical 
invention ; the working of iron, copper, tin, lead, and 
the other metals, and Sie combining them in different 
sJloys, by which almost all the instruments necessary 
for me turner, the joiner, the stonemason, the ship- 
builder, and the smith, are made, are chemical inven- 
tions ; even the press could not have existed in any 

b3 
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Atate of peifection \(^ithout a metallic alloy. The com- 
binins' of alkali and sancl, and certain clays and flints 
toget&er, to form glass mi poicelain, is a chemical 
process \* the colours which the artist employs to frame 
resemblances of natural objects, or to create combina- 
tions more beautiful than ever existed in nature, are 
derived from chemistry ; — ^in short, in every branch of 
the common and fine arts, in every department of hu- 
man industry, the influence of this science is felt ; and 
Vie may ifind in the fable of Prometheus taking the 
flame from heaven to animate his man of clay, an em- 
blem of the efiects of fire, in its application to chemi- 
cal purposes, in creating the activity and almost the 
life of civil society. — Abridged from " the Last Days of 
a Philosopher,^^ by the late Sir Humphry Davy, 

Why may real philosophers be considered to have 
done much by their own inventi<ms for the useful arts P 

Because we chemical or mechanical manufacturer 
has merely applied what the philosopher has made 
known ; he has merely worked upon the materials fur- 
nished to him. Thus, the chlorine, or oxymuriatic 
gas, of Scheele, was scarcely known, before it was ap- 
plied by BerthoUet to bleaching ; scarcely was muria- 
tic gas discovered by Priestley, when Guyton de M or- 
veau used it for destroying contagion. Platinum has 
owed it existence, as « useful metal, entirely to the 
labours of an illustrious chemical philosopher ; look at 
the beautiful yellow afibrdedby one of the new metals, 
chrome ; consider the medical efiects of iodine, in some 
of the most paini^l and disgusting maladies belonging 
to human nature, as cancer and bronchocele. We 

* The improTements of porodain in this country, afl well as ^hnse 
made in Gkamony and France, have been entirely the result of chemical 
experiments ; the Dresden and the Sevres manufactories have been the 
work of men of science; and it was by multiplying his chemical re- 
searches, that Wedgewood was enabled to produce, at so nheiip a rate, 
those btautifiil imitations, which, while they surpass the ancient varies 
in solidity and perfection of material, equal them in the el^ancc, va- 
riety, and tasteful arrangement of their forms. 
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iiaye no history of the manner in which iron was ren- 
dered malleable ; but we know that platinum could 
only have been worked by a person of the most refined 
chemical resources. — Sir H. Davy, 

Why is the apparatus essential to the modem chemist 
wMch less hulhy and expensive than that wrd by the an- 
dents? 

Because an air-pump, an electrical machine, a vol- 
taic battery, (all upon a small scale) a blowpipe appa- 
ratus, a bellows and forge, a mercurial and water-gas 
apparatus, cups and basins of platinum and glass, and 
the common re-agents of chemistry, are all that are 
required. All the implements absolutely necessary, 
may be carried in a small trunk ; and some of the best 
and most refined researches of modem chemists, have 
been made by an apparatus which might with ease be 
contained in a small traTeUing carriage, and the ex- 
pense of which is only a few pounds. Chemistry is 
not injurious .to the hesJth ; the modem chemist is not 
like the ancient one, who passed the greater part of his 
time exposed to the heat and smoke of a furnace, and 
the unwholesome vapours of acids and alkalies, and 
other menstrua, of which, for a single experiment, he 
consumed several pounds. — Sir H, Davy, 

ATTRACTION OR AFFINITY. 

Why is our earth a globe p 

Because of the general attraction by which all its 
parts are drawn towards each other, that is, towards a 
common centre ; by which means the mass assumes 
the spherical or rounded form. 

We have interesting instances of roundness from tlie 
same cause in minute masses, — ^as the particles of a 
mist or fog floating in air, — ^there, mutually attracting 
and coalescing into larger drops, and then forming 
lain— dew-drops — ^water trickling on a duck's wing — 
the tear dropping from the cheek — drops of laudanum 
— globules of mercury, like pure silver beads, coalescing 
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when near, and forming larger ones — ^melted lead al> 
lowed to rain down from an elevated sieve, which, by 
cooling as it descends, retains the form of its liquid 
drops, and becomes the spherical shot-lead of the 
sportsman. — Amott, 

Why is the prescription of medicine hy drops an un- 
safe method P 

Because, not only do drops of fluid from the same 
vessel, and often of the same fluid of different vessels, 
differ in size, but also drops of the same fluid, to the 
extent of a third, from different parts of the lip of the 
same vessel. 

Why has it been said that the whole world, if the 
atoms cotdd be brought into absolute contact, might be 
compressed into a nutshell P 

Because of the exceedingly little of really solid 
matter even in the densest mass, as evident in the non- 
contact of atoms, even in the most solid parts of bo- 
dies ; from the verv great space obviously occupied by 
pores ; the mass oiten having no more solidity than a 
heap of empty boxes, of which the apparently solid 
parts may still be as porous in a second degree, and so 
on ; and from the great readiness with which light 
passes in all directions through dense bodies, like glass, 
rock crystal, diamond, &c. We ^ve as yet no means 
of ascertaining exactly what relation this idea has to 
truth. — Amott. 

Why may the doctrine of ultimate at(yms he considered 
as established P 

Because, according to the late Dr. WoUaston, the 
earth's atmosphere is limited, and consequently matter 
has a finite divisibility. " Yet," observes another, " of 
the smallest atom we can always imagine the half." 

Why is the density, or thecnmntiiy of atoms which 
exist in a given space, very different in different bodies P 

Because of three different circumstances : first, of 
the size or weight of the individual atoms ; secondly, 
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on the degree of porofiity just now explained ; thirdly, 
on the proximity of the atoms in the more solid parts, 
which stand between the pores. As an example of the 
different degrees of density, a cubic inch of lead is 40 
times heavier than the same bulk of cork. — Amott 

Why are certain bodies solid P 

Because their parts cohere M firmly as to resist 
hnpression. 

Lavoisier has explained solidity thus : — ^^ The parti> 
cles of all bodies may be considered as subject to the 
action of two opposite powers, repulsion and attraction, 
between wluch they remain in equilibrio. So long as 
the attractive force remains stronger, the body must 
continue in a state of solidity ; but if, on the contrary, 
heat has so far removed uiese particles from each 
other, as to place them beyond the sphere of attraction, 
they lose the cohesion which they before had with each 
other, and the body ceases to be solid." 

Why do blue and yellow pounders, when mixed, form 
a green powder F 

Because of the mere effect arising in the eye from 
the intimate mixture of the yellow and blue light se- 
parately and independently, reflected from the minute 
particles of each ; and the proof is had by examining 
the mixture with a microscope, when the yellow and 
blue grains will be seen separately and quite unal- 
tered.— V-iP. W.HerscheL 

Why canltDt a similar separation be detected in liquid 
greenp 

Because of the excessive minuteness of the parts, 
and their perfect intermixture, by ac^ting the blue 
and yellow liquids together. From the mixture of two 
powders, extreme patience would enable any one, by 
picking out with a magnifier grain after grain, to se- 
parate the ingredients. But when liquids are mixed, 
no mechanic^ separation is any longer practicable : 
the particles are all so minute as to elude all search. 
-^.F. W. Herschel. 
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Wkjf do we u$e the term specific graidty to escpress the 
relative weight of bodies? 

Because it denotes tbe weight of the matter of which 
any body is composed, compared with the ^weight of 
pure distilled water, at 60> Fahrenheit, assumed as a 
standard. 

Why is there a d^erence in the specific gravity of 
different bodies F 

Because one body is larger, or takes up more room 
than another of the same weight, when the first is said 
to be specifically lighter than the other, and vice versiL, 

The specific gravity of bodies is denoted, in chemical 
writings, by comparing it with the specific grarity of 
pure water, in decimal figures, water being always 
considered as 1.000. Thus the specific gravity of the 
strongest sulphuric acid is 1.650, or nearly nine tenths 
heavier than water. Iron is 7.650, or more than 7\ 
times heavier than water ; that is, a cubic inch of iron, 
if put into a scale, would require 7^ inches to balance 
it; silver is 10.478; gold, 19.300; and platinum, 
23.000, or 23 times heavier than water. The specific 
gravity of all bodies is noted in the same way. — Parkes. 

Why does some stone decay rapidly ^ aWiough very hard 
when first dug from the quarry P 

Because it abounds with clay, or alumiue, which 
has so great an affinity for water as to absorb moisture 
from the atmosphere, and thus destroy itself. 

Why will not oil and water mix in a vial upon being 
violently shaken? 

Because the water and the oil have no affinity for 
each other ; but if some caustic ammonia be added, 
and the vial then agitated, the whole will be mixed 
into an ammoniacal soap. This is what is called dis- 
posing affinity^ or uniting bodies, which apparently 
nave no tendency to unite of themselves, by the addi- 
tion of another substance. 

Why do small needles float on water ? 

Because the particles of water cohere among them- 
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selves, and the weight of the needles 4s not sufficient 
to oveTcome that cohesion. 

Why do a p&und of water, and a pound of iolt when 
mixed, form two pounds of brine, hvt then occupy nmeh 
less hulk than when separate F 

Because the atoms of the one are partially receired 
into what were Tacant spaces in the other. A similar 
condensation is ohseryea in many other mixtures ; as 
a pound of sugar in a pound of wat^. Tin and cop- 
per, melted together to form bronze, occupy less space 
by one fifteentib, than they do when separate. — Amott. 

Why are a hwndred pints of common air to he com- 
pressed into a pint vessel, as in the chamher ofanair-g%m ? 

Because, in aeriform masses, the atoms are veiy dis- 
tant, and hence the masses are more easily comjMfessed. 
In this case, if the pressure be much further increased, 
the atoms will at last collapse, and form an oily liquid. 
The heat which was contained in such air, and gave 
it its form, is squeezed out in this operatkm, and be- 
comes sensible all around. — Amott. 

Why are liquids said to he saturated P 

Because they cannot combine with, or take up, more 
than a certain quantity of any solid at aeriform body; 
the point at which this action ceases is saturation: 
thus, water will only taJke up a certain known weight 
of alum, salt, &c. 

Why is gravitation the first and m^t general cause of 
changes on the earth P 

Because water, raised in vapour by the heat of the 
sun, is precipitated by the cool air in the atmosphere ; 
it is carried down by gravitalion to the surface ; and 
gains its mechanical mrce by this law. — Sir H.Davy, 

Why does the pyramid last longer than other forms P 
Because it is most fitted to resist the force of gravi- 
tation. 

Why is an apartment never literally empty P 
Because, if it offer to view nothing but the naked 
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walls, it is full of air, just as an open vessel, immersed 
in the sea, is full of water; and if air were not allowed 
to escape from it, even so small a body as an apple 
could not be pressed into it additionally by less force 
than fifty or sixty pounds. 

Why is heat prodttced on slackina quick-lime P 
Because of tne violence of the chemical action, and 
the solidification of the water. In this process 68 parts 
of lime solidify 32 parts of water; but it is remarkable, 
that in making what we call lime water, 500 parts of 
water are required to dissolve one part of lime. 

Why is it a vulgar error to say quick-lime, or oil of 
vitriol, bumsp 

Because they powerfully corrode animal and vege- 
table substances, and become violently hot from their 
combination with water. *^ They are, therefore, set 
down in vulgar parlance, as substances of a hot na- 
ture ; whereas, in their relations to the physical cause 
of heat, they agree with the generality of bodies simi- 
larly constituted." They owe the sensation of heat 
which they excite, to chemical stimulants, and not at 
all to their being actually hot. 

Why are not bitter and sweet essential qualities of 
matter P 

Because, as Dr. W. Herschel has recently discovered, 
the mixing of nitrate of silver with hypo-sulphate 
of soda, both remarkably bitter substances, proauces 
the sweetest substance known. Thus, bitter and sweet, 
as well as sour, appear not to be an essential quality 
in the matter itself, but to depend on the proportions 
of the mixture which composes it 

CRYSTALLIZATION. 

Why do the figures of crystals vary in regularity P 
Because their regularity is influenced by the rapid- 
ity of the evaporation : thus, if the process be slowly 
conducted, the particles unite with great regularity ; 
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if hurried, the crystals are irregular and confused. To 
obtain very regnlar crystals, the eraporation must be 
spontaneous, or that which takes place at common 
temperature. 

IVky U theGitm^s eaiusewaif iupoted in angular 
columns P 

Because it is supposed that the whole body of the 
lock was once in a state of fluidit]r, being no other 
than the lava of a burning mountain ; that the prodi- 
gious mass cracked in its cooling, into the above mrms ; 
fiiat it may since in some measure have been deranged 
by earthquakes; that these have swallowed up the vol- 
cano itself; and that the waters of the neignbouring 
ocean now roll over the place where once it stood. — 
Parkes. 

The most remarkable basalt is the columnar, which 
forms immense masses, composed of columns, thirty, 
forty, or more feet in height, and of enormous thicK- 
ness. Those at Fairhead are 250 feet high. The coast 
of Antrim, in Ireland, for the space of three miles in 
length, exhibits a very magnificent variety of colum- 
nar cliffs ; and the Giant's causeway consists of a point 
of that coast, formed of similar columns, and project- 
ing into the sea for a descent of several hundred feet. 
These columns are for the most part hexagonal, (or 
six-^ded) and fit very accurately together ; but most 
frequently not adherent to each other, though water 
cannot penetrate between them. In the Hebrides axe 
likewise some vast specimens of basalt. 

Why are certain bodies porous^ or full of small va- 
cant spacesP 

Because of the crossing of the constituent ciystalline 
needles or plates in bodies.-^^nio^^. 

Why are crystals mechanically divided only in cer^ 
tain dtreciums, so as to afford smooth surfaces P 
Because, in etyery crystallized substance, whatever 

PART V. c 
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may be the diffeieiioe of the figure which may arise 
from modifymg circumstances, there is, in all its crys- 
tals, a primitive form, the nucleus, as it were, of the 
crystal, invariable in each substance, giving rise to 
the actually outward existing forms. — Parkes. 

Why has strong salt and water a pellicle (or film) 
on its surface P 

Because the attraction of the saline particles for 
each other is becoming superior to their attraction for 
the water. This is the common criterion of the fitness 
of a solution for crystallization. 

Sir Isaac Newton seems to have had a very clear 
idea of the cause of crystallization. ^ When,^' says 
he, ''a liquor saturated with a .salt, is evaporated 
to a pellicle, and sufficiently cooled, the salt fcMrms in 
regular crystals. Before being collected, the saline 
particles floated in the liquor, equally distant from each 
other ; they acted, therefore, mutually on each other, 
with a force which was equal at equal distances, and 
uneqnal at unequal distances; so, in virtue of this 
force, they must arrange themselves in an uniform 
manner." — Newton's Optics, Book iii. 

Why will not salt crystallize when dissolved in a con- 
sideraole quantity of water P 

Because the particles of the salt are too far asimder 
to exert reciprocal attraction : in other words, they are 
more powerfully attracted by the water, than by each 
other. — Brande. 

Why does the salt crystallize upon evaporation of 
part of the water P 

Because some of the saline particles then gradually 
approach each other, and they will, according to cer- 
tain laws, become regular solids ; another portion of 
the salt will remain dissolved in the water which is 
left ; this is usually called the m^Hier liquor^ or water. 

There is a great variety in the form of crystallized 
salts, and each salt preserves its own pecuuar form : 
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thas, oommon culinary salt generally ciyirtalMBes in 
smaU tabes, and sulphate of soda in six-sided prisms. 

Why do certain salts (caUed freezing mixtures) con^ 
vert water into ice? 

Because, as heat is required to conrert solids into 
liquids, it foUoi^s, that in cases of sudden liquefaction, 
(as when the salts are dissolved in the water) cold will 
ensue: hence its production. during the solution of 
many saline bodies, andhenee, also, the explication of 
the Oieoiy oi freezing mixtures. 

The artificial preparation of ice has oocupied much 
of the attention of modem chemists. The most recent 
experiments weremade by M. B. Meijlink, who, after 
numerous trials, with different salts, for the purpose of 
conTcrting water contained in a tin vessel into ice, 
during their solution, ultimately gave the preference 
to a mixture of four ounces of nitrate of ammonia^ four 
ounces of sub-carbonate of soda,ajid four ounces of water. 
This mixture, in three hours, produced ten ounces of 
ice; whilst, with the mixture of sulphate of soda and 
muriatic acid, he obtained ice only after seven hours. 
— Brande^s Jowmal, 1829. 

Why do many salts, when exposed to the air, effloresce. 
Of fall to powder? 
^Because they lose their water of crystallization. 

Why do some salts effloresce more than others P 
Because some thus completely lose their water; 

while others retain different quantities, according^to 

the dryness of the air. 

Why do some salts deliquesce, (or become moist or li- 
quid) by exposure to the atmosphere P 
Because they attract water from the atmosphere. 
Why are not salt boilers made of east iron P 
Because the cast iron would cra^k by the adhesion 
of the salt. 

Why is saltpetre refined by solution in water P 
Because the rough petre, as it is called, is always 
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contaaninated with muriate d soda and other salts. In 
order, therefore, to separate them, the refiners dissoke 
the whole in water, and then, by boiling the solution, 
evaporate a part of the water, and the muriate of soda* 
&c. fall down, while the salt-petre is held in solution. 
When the greatest part of these salts is thus separated, 
the remaimng liquor is suffered to cool, and me nitre 
is obtained in crystals. This process illustrates the 
difference which there is in the solubility of salts.— 
Parkes, 

Why was nitre used in the composition of Greek-fire? 

Because it fed or kept alive the sulphur, resin, alco- 
hol, camphor, &c. of which the fire was also composed, 
by conveying oxygen from the atmospheric air to the 
sulphurous gas, and to the sulphur while burning. 
Into this composition, when melted, woollen cords were 
dipped, and rolled up for use. These balls being set 
on fire, were thrown into the tents of the enemy, and 
as the combustibles were furnished with a constant 
supply of oxygen from the nitre, nothing could extin- 
guish them. 

Why will a lump of alum in a glass of watery assume 
a pyramidal shape in dissolving? 

Because, at first the water acts with so much energy 
as to overcome the cohesion of the solid in every oi- 
rection ; but, as the particles of the alum become 
united with those of the water, the power of the solvent 
diminishes. The particles of water which combine 
first with the alum, become heavier by the union, and 
fall to the bottom of the glass ; and the action at the 
lower extremity ceases, before it is complete at the 
upper. When the action has nearly terminated, if we 
closely examine the lump, we shall find it covered with 
gBimetrical figures, cut out^ it were, in relief, upon 
the'ihass ;'^^ewing, not onl^' 4hat cohesion resists the 
power of solution, but that, in the present instance, it 
resists it more in some directions tnan in others ; and 
that when the attraction of the solvent is nearly ^tis- 
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fied, it is balanced by that delicate modification of 
cohesion, upon which ciystalline anangement depends. 
This experiment beautifully illustrates the opposite 
action oi cohesion and repulsion. 

Why is alum used in making candles F 
Because it gives firmness to the tallow. 
Nitre has very recently been applied to the improved 
preparation of candles, by steeping the cotton wick in 
lime water, in which is dissolved a considerable quan- 
tity of nitre. By this means is obtained a purer 
flame and a superior light ; a more perfect combustion 
is ensured; snuffing is rendered nearly as superfluous 
as in wax-lights ; and the candles thus made do not 
nm, or waste. The wicks should be thoroughly dry 
before the tallow is put to them. — Brewster* s JoumaL 
1829. 

Why is alum used in salt-drying cod-fish. 
Because it prevents the salt from cUssolving. 

Why is alum used for preparing paper for the pre- 
servatton of gunpowder ? 

Because it prevents the bad effects of damp atmo- 
spheric air upon the powder, and preserves the pap^ 
nom readily taking fire. 

Why are the crystals collected in camphor bottles in 
druggists^ windows always most copious upon the surface 
exposed to the light P 

Because the presence of light considerably influ- 
ences the process of crystallization. Again, if we 
place a solution of nitre in a room which has the 
light admitted only throujgh a small hole in the win- 
dow-ehutter, crystals will form most abundantly upon 
the side of ^e basin exposed to. the aperture through 
which the light enters, and often the whole mass of 
crystals will turn towards it. — Brande. 

Why is there rock salt P 

Because it is supposed to have been deposited by 
the sea, or by salt lakes drying up, which formerly 
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covered the present continents. Salt strata also 
diminish in thickness as they recede from the sea. 
This is perhaps the most obvious hypothesis, but it 
is liable to many objections, one of which is the 
enormous depth oi sea water necessary to the produc- 
tion of a body of rock salt above forty yards in thick- 
ness, such as the insulated mountain of rock salt at 
Cordova, in Spain." — Notes on Science. 

The salt mines near Cracow, in Poland, which have 
been worked ever since the middle of the thirteenth 
century, contain an immense store of muriate of soda. 
Eight hundred workmen are employed in them, who 
raise 168,000 quintals of salt annually. Through the 
enormous mass of salt, which presents to the eye no 
interruption to its saline texture, and at the depth of 
450 feet, flows a stream of pure, fresh, and transparent 
water, which is received in large tix)ughs, where the 
workmen and horses of these subterraneous regions 
quench their thirst. As it was impossible that this 
spring could filter through the salt. Nature, who buries 
her masterpieces in the bowels of the deepest moun- 
tains, has placed in this mass a stratum of clay suffi- 
ciently thick to allow the stream of water, destined to 
refresn the workmen, to pass through it in such a 
manner as to be preserved from the salt, of which a 
small quantity would injure its salubrity. — Parkes. 

A series of ingenious models of the Polish salt mines 
was exhibited in London about two years since. 

Why are the flats cut near the sea, on the Kentish 
coast y called salt-pans F 

Because at high tide they become filled with sea- 
water, which being confined there, the sun evaporates 
it, and leaves salt in the flats, from whence it is laid 
up to dry for use. 

Why is sugar refined by hailing the syrup in a 
vacuum, or place from which the air has been excluded ? 

Because this, and all other liquids, are driven off, 
or made to boil at lower degrees of heat when tiie 
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atmospheric pressure is lessened or removed. Thus, 
the process for refining sugar is to dissolve impure 
sugar in water, and tatei darifying the solution, to 
boU off or evaporate the water again, that the diy 
crystallized mass may remain. Formerly this evapo- 
latioH was performed under the atmospheric pressure, 
and a heat of 218o or 220° was requir^ to make the 
syrup boiL; by which degree of heat, however, a por- 
tion of the sugar was discoloured and spoiled, and the 
whole product was deteriorated. 

The ^rrup, during the process in vacuoy is not more 
heated man it would be in a vessel merely exposed to 
a summer sun. The vacuum is produced and main- 
tained by air-pumps driven by a steam engine, or 
otherwise ; or by the direct admission of steam, which, 
after expelling the air, is condensed into water.— 
Amott. 

By this process more money has* been made in a 
shorter time, and with less risk and trouble, than was 
ever perhaps gained from an invention ! 

Wh^ are the vessels for evaporating or distilling in 
vactiOy generally of arched form P 

Because they require to be strong enough to bear, 
when quite empty, the external atmospheric pressure. 
— Amott. 

Why is sugar-candy crystallized on strings, and ver- 
digris on sticks P 

Because crystallization is accelerated by introducing 
intq the solution a nucleus, or solid boidy, (like the 
string or stick) upon which the process begins. 

The oruRmental alum baskets, whose manufacture 
was once so favourite a pursuit of lady-chemistry, 
were made upon this principle ; the forms of the 
baskets being determinea by wire framework, to which 
the crystals readily adherea. 

Why is sugar-candy sometimes in large and regular 
crystals P 

Because the concentrated syrup has been kept for 
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sereral days aad nights undisturbed, in a vety high 
temperature ; for, if perfect rest and a temperature of 
from 120o to 190o be not afforded, regular crystals of 
candy will not be obtained. 

The manufacture of barl^-sugar is a familiar ex- 
ample of crystallization. The syrup is evaporated 
oyer a slow heat, till it has acquirea the proper con- 
sistence, when it is poured on metal to cool, and when 
nearly so, cut into lengths with sheais, then twists, 
and again left to harden. 

Why are small, radiant, and tree-like crystalliza- 
tions seen on dirty windotosin London? 

Because of the great number of coal fires in the 
metropolis: these crystals (of sulphate of ammonia, or 
at least, sulphite of ammonia, which becomes sulphate 
by exposure to the air) being an abundant product of 
the combustion of coal. — Brands, 

Why do some springs petrify objects by their spray P 
Because their water is impregnated by means of its 
carbonic acid, with a large portion of carbonate of 
lime, which it deposits on issuing into the air. At 
Clermont, in France, there is such a spring, where 
Mr. Scrope saw the stuffed skins of a horse and a cow, 
birds, fruit, flowers, &c. undergoing this petrifying 
process. Its incrustations have also formed an ele- 
vated natural aqueduct, 240 feet in length, and ter- 
minating in an arch thrown across the stream it 
originally, flowed into, 16 feet high and 12 wide.^ 
Serop^s MemMr on the Geology of Central France, 

Why isflttor spar so called P 

Because it has the property of increasing the fusi- 
bility of other mineral substances. It has also been 
called vitreous spar, because when fused it has the 
appearance of glass. 

HEAT. 

Why is heat oonsidered one of the chief agents in 
chemistry P 
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Because its most obvioiis sources are chiefly referred 
to the general head of chemical combination. Thus, 
fire, or the combustion of inflammable bodies, is no- 
thing more than a violent chemical action attending 
the combination of their ingredients with the oxygen 
of the air* Animal heat, is, in like manner, referable 
to a process bearing no remote analogy to slow com- 
bustion, by which a portion of carhon, an inflammable 
princqde existing in the blood, is united with the 
oxygen of the air in respiration, and thus carried off 
from the system : fermentation is nothing more than 
a decomposition of chemical elements loosely united, 
and their reunion in a more perfect state of combina- 
tion. Friction, as a source of heat, is well known : 
we rub our hands to waim them, and we grease the 
axles of carriage-wheels to prevent their setting fire to 
the wood. Again, Count Rumford has established 
the extraordinary fact, than an unlimited supply of 
heat n^v be derived by friction from the same mate- 
rials.--y. F. TV, Herschel. 

Savages light their fires by rubbing two pieces of 
wood : Count Rumford made great quantities of water 
boil, by causing a blunt borer to rub against a mass 
of metal immersed in the water; and Sir Humphry 
Davy quickly melted pieces of ice by rubbing them 
against each other, in a room cooled below the freez- 
ing point. Instances have occurred, where whole 
forests have been burned down by fires kindled from 
the violent friction of the branches against each other 
by the wind. 

Why is it conjectured that there is a difference be- 
tween solar and terrestrial heat P 

Because the rays of the first pass through glass 
without heating it, while the rays of the latter are 
stopped by the glass, which becomes hot when opposed 
to them. 

Wliy may heat be considered as a poiver opposed to 
attraction r 
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Because it tends to seMrate the particles of bodies ; 
and whenever a body is heated, it is also expanded. — 
Brande. 

Why is the term caloric used P 

Because it may distinguish the cause of heat from 
the sensation which we call by the same name ; but 
the terms caloric and calorific fluid seem to imply the 
material nature of heat, which has not yet been 
proved. 

Why is caloric considered a subtle material fluidy the 
panicles of which mutually repel each other? 

Because this supposition appears to give a plausible 
explanation of most of the phenomena dependent upon 
heat, as the expansion, fusion, and vapourization of 
bodies, on the idea that the particles ot caloric when 
interposed between the particles of bodies, in sufficient 
quanti^^, produce these ejQTects. It is natural to sup- 
pose when a body is enlarged in buJk, that die en- 
largement is occasioned by the introduction of the 
particles of other matter, by which the particles of the 
expanded body are repelled to a greater distance from 
one another ; and this repulsion becomes so great, in 
consequence of the introduction of a large quantity of 
heat, as to enable the particles of solid bodies to assume 
the fluid, or aeriform states. 

There are, however, other theories of the nature of 
heat ; but the question remains undetermined; and it 
is fortunate that most of the phenomena connected 
with the operation of heat, may be explained equally 
well upon either theory. 

Why is heat called latent? 

Because, when heat liquefies a solid, or converts a 
liquid into vapour, the liquid or the vapour is no 
hotter than the solid or liquid from which it was pro- 
duced, ti^ough a great deal of heat has been expended 
in producing this effect, and has actually entered into 
the substance. Hence it continues to exist in the 
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piodiict, maiBtaining it in it9 new state without in- 
creasing its temperature, and is thns latmi or 
liidden. This great discovery was made by Dr. 
Black, who further proved, that when the vapour con- 
denses, or the liquid freezes, this latent heat is again 
giren out from it. 

Why does water thrown upon a fire so powetfully 
repress it P 

Because of the great quantity of heat latent in 
steam ; — ^hence, again, vfhjfire and water are so often 
adduced proverbially as furnishing a striking contrast. 
— Amott. 

Why does iron become red-hot by hammering P 
Because of the condensation of the metal by the 

force of the blow. Air may also be condensed by 

pressure, so as to set tinder on fire. 

Why are inorganic bodies, such as gold, iron, ^c, 
found in all parts of the globe P 

Because tney have no direct dependence, in the 
present state of the earth, at least, on the solar heat, 
or its consequ^ices ; whereas organic^ or living mat- 
ter, has. 

Why does ice, when heated, become water; and the 
water, v^en heated further, become Heam P 

Because the continued addition of beat gradually 
increases the mutual distanee of the constituent 
atoms of the ice, and their cohesive attraction is over- 
come ; till, at length, the atoms are repelled to still 
greater distances, and the substance is converted into 
steam! Abstraction of heat causes return of states in 
the reverse order; ^^ steam when cooled again, 
becomes water as before, and the water, when cooled, 
becomes ice. 

Why does a.pini ofv)ater,wheni converted into steam, 
occupy nearly 2000 timet the space of ^ water P 
Because tliet heat merely ptoduoes i lepuisioii 
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among the particles, and by no means fifls up the 
interstices. — Amott. 

Why are air-expansion engines so muck more power- 
ful than steam-engines P 

Because heat, when used to dilate air, produces 
about four times the quantily of expansive power that 
it does when used to form steam.' 

Why is not high-pressure steam issuing from a boiler 
heated perhaps to dOO<>, not hotter than lotv-pressure 
steam from a boiler at 212® P 

Because, in the instant when the high-pressuie or 
condensed steam escapes into the air, it expands until 
balanced by the pressure of the atmosphere ; that is, 
until it become low-pressure stea^4 &nd it is dooled 
by the expansion, as air is cooled on escaping from 
any condensation. 

Why does not a generator, if crackeA when very hot, 
immediately let out the vapour or toater P -. 

Because the heat repels the water s^4 TMMJ^r to a 
certain distance from the metal, and, vC^wrf^i stop 
the crack, until the temperature * % allowed to fall, 
when the rush of steam by the crack is tri^aiendous. 
Mr. Perkins, in reasoning upon this effetst, sa5^ ; ** The 
repulsive power of the heated metal is sufficient to 
retain the vapour and the water e^ally distant ; for, 
what else is vapour than water in a state of ex- 
pansion." 

Why does a Prince Ruperfs Drop fly to powder on 
being simply broken P 

Because it is a lump of glass let fall, while fused 
into water, and thereby suddenly cooled and solidified 
on the outside, before the internal part is changed ; 
then as this at last hardens and would contract, it is 
kept extended by the arch of external crust to wMch 
it coheres. Now, if a portion of the neck of the 
lump be broken off, or if other yiolence be done, 
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which jan its substance, the cohesion is destroyed, 
and the whole cnunbles to dust with a kind of ex- 
plosion. — Amoti. 

Why does a loose bladder, tied at the mouthy and held 
before afire, gradually swell and appear fuily inflated? 

Because the small quantity of air contained in the 
bladder is then so much dilated by the heat, that it 
occupies a considerably increased space, and fills the 
bladder, of which it before occupied only a small 
part 

Why does change of temperature retard or hasten the 
decomposition of dead vegetable and animal substances P 

Because the fdnctions of life bring into combination, 
to form the curious textures of organic or living bodies, 
chiefly four substances, viz. carbon, or coal ; the in- 
gredients of water, or oa^^«n and hydrogen; and lastly, 
nitrogen; — which substances, when in the proportions 
found in such bodies, have but slight attraction for 
each other, and all of which, except the carbon, 
usually exist as airs. Their connection, therefore, is 
easily subverted, and particularly by a slight change 
of temperature, which either so weakens their mutual 
hold as to allow new arrangements to be formed, or 
altogether disengages the more volatile of them. 
—Amott 

Why is iron preserved from rust by dipping it when 
at a dull red heat, into water, and then imto linseed oil? 

Because the fint.part of the process frees it from the 
scales and extranebus matter, and the remaining heat 
disposes it to receive the oil, which forms a varmsh, 
ana filling up all the minute interstices of the surface, 
prevents any rust 

Why do clocks andwaichesvary in their rate of going? 

Because of the expansion and contraction of ue 
metals of which they are constructed. Thus, in regu- 
lating the length of the second's pendulum, an exact 
acquaintance with the dilatation of metals, is essen- 

PART V. ^ 
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tial ; ibr when the bob is letdown a hiuldrMUh part of 
an inch, the clock loses ten seconds in tweaty-fottr 
hours ; hence, a thousandth part of an inch will cause 
it to lose one second pet day, ajid a change of tem- 
perature equal to 30^ of Fahrenheit will alter its 
length about one five thousandth nait, and occasion an 
error in the rate of going, of eignt seconds per day. 
Variations of temperature also occasion Tariations in 
the balance-wheels of watches, which are obviated by 
various compensating apparatus. 

Why does a compensation balance prevent the effects 
of expansion or contractiov ^ 

Because it consists of interrupted concentric rings 
of different metals, joined together, so that the expan- 
sion of one counteracts the expansion of the other. 

Why do the iron hoops of breweri eashs hind with 
such great force P 

Because those which are at first made too small to 
fit, are heated until they are sufficiently enlaced; 
they are then driven on, and suddenly cooled, by 
throwing water upon them; the contraction of the 
iron which ensues on cooling, bringmg theparts of the 
vessels in closer contact than th^ oould easOy be 
brought by other means, and fixes the hoops firmly 
round them. 

Why does hay f ifstasehed when^daimp, tahejitti?' 
Because themmsture elevates the temponiture suf- 
ficiently to pioduoe putrefaction, and the visaing 
chemical action causes sufficient heat to continue the 
pocess; the quantity of matter being also great, the 
heat is proportional. 

Why are concave mirrors employed as burning^ 
glassesF 

Because they collect the heat of the sun's rays from 
the whole of its stti&ce to a sinfrle point, thus accu- 
mulating a very great degree of beat, for the com- 
bustion and Aision of various natural substances, that 
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are fusible ia the greatest heat cajpable of being 
produced from oidimoy fire. By this means, Drs. 
Hams and Desaugliers melted a silver sixpence in 
seYen seconds and a half; a copper halfyenny melted 
in dxteen seconds, and liquefied in thirty-four seconds; 
tin was melted in three seconds; and a diamond 
weighing four grains, lost seren-eightha of its weight. 
Bufibn also, with the fiednt rays of the sun in die 
month of March, set on fire boards of beech-wood at 
a hundred and fifty feet distance ; and at an<^er 
time, silyer was thus fused at fifty feet distance. 

Why are not ^Hnjlammahki^' and *^ combuaHble*^ sy- 
rumimous terms P 

Because all metals axe combustible ; that is, capable 
of igniting with 9xyg^ : but they will not bum in 
atmosph^o air, and are therefore not called in- 
flammable. 

WJiy does the thermometer enable us to ascertain de- 
grees^ heat P 

Because the fluid ascends in the tube on being ex- 
panded by heat, and thus marks the degree. 

Why is mercury preferred in thermometers P 
Because the range of tempemture between its freez- 
ing and boiling points is very considerable ; and its 
expansion within liiat range, tolerably equable. — 
Brande. 

Why have themuymeters freezing and boiling points P 
Because they denote the points in the tube at 
which the mercurial column stands when cooled to the 
freezing, and heated iothe boiling, of water. For this 
purpose, the instrument is immersed in melting ice or 
snow, and permitted to remain thare for some time, 
until the quicksilver becomes stationary at one place, 
which is the freezing point; a mark is made at that 
point upon the fflass. If the instrument remains for 
some time in boiling water, the mercmy after having 
ascended throi^h a large proportion of the tube, be- 
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comes stationary at one place whicli is the hoiUng 
point. It is believed that Fahrenheit took his zeroy or 
commencement of his scale from the degree of cold 
produced by mixing snow and common salt; that 
being the greatest degree of cold known in his time ; 
although a considerably greater degree of cold may 
be produced by mixing the same or other ingredients. 

Why does Reaumur's thermometer differ from Fah- 
renheit s ? 

Because Reaumur divides the space between the 
boiling and freezing points into 80 degrees, placing 
zero at freezing, and the 80th degree at the boiling 
point. 

Fahrenheit divides the same space into 180 de- 
grees ; but the cypher (0) he places 32 degrees below 
the freezing point (the cold of a mixture of snow and 
common salt) so that die freezing point is at 32o and 
the boiling point at 212o. 

Reaumur 80o)180o Fahrenheit. 

2i** of Fahrenheit — equal to lo 
of Reaumur. 

Plus 20° of Reaumur is 20o multiplied by 2j=45 
add 320=770 of Fahrenheit. 

. Why are spirit thermometers preferable for mea- 
sv/ring very low temperatures? 

Because spirit never freezes, whereas the low tem- 
perature at which it boils, renders it unfit for measuring 
high temperatures. 

Why do dogs and other animals put out their long 
moist tongues in hot weather P 

Because, when much heated, they cannot throw off 
or diminish their natural covering, and have only the 
above means of increasing the evaporation from their 
bodies. 

Why^ in the Arctic Regions^ are the watery parts of 
hrandy frozen^ while a very small quantity of strong 
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tpirit in lift in the fiuid itate in the interior of the 
mass? 

Because the cohesion of the paxticles of water is so 
much more increased hj the cold than that of the par- 
ticles of the spirit. 

Why is a pyrometer so called ? 

Because of its origin from two Greek words sig- 
nifying measure of fire; it being used to ascertain the 
degrees of heat in high temperatures, and including a 
lange of nearly 32,000 degrees of Fahrenheit 

Why does metal feel cold when touched? 
Because it readUy carries off the heat of the body ; 
all metals being good conductors of heat. 

Why are certain bodies called good and bad con- 
dtictors of heat? 

Because, when exposed to the same source of heat^ 
they suffer it to pass through them with different de- 
grees of velocity ; or they have various conducting 
powers with regard to heat Good conductors, when 
touched, occasion a greater sensation of heat and cold 
than bad ones. When the body feels cold, the caloric 
is passing out of it into the neighbouring object; when 
the body feels warm, it is receiving heat 

Why are persons enabled to remain in a heated qvenj 
wherein meat is baking ? 

Because of the rarity of the air, its weak conducting 
power, and its small capacity for caloric, which ex- 
plain how a person can exist in so warm an atmos- 
phere. The wool dresses which persons usually wear 
on such occasions, are also bad conductors of heat. 

Sir C. Blagden, secretary to the Royal Society about 
thirty years since, remained, accompanied by a female 
dog, during eight minutes, in an oven heated to 100^ 
of Reaumur, 20® above the point at which water boils ; 
water, although covered witn oil, boiled close to him ; 
and in thirteen minutes, the hot air being concentrated 
by a pair of beUows, some beef was dressed in the 
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same place. Two French academicians, of the last 
century, saw at Larochefoucault a man, who, from 
habit, supported during ten minutes the heat of an 
oven, in which fruits and meats were cooked ; they 
found the heat to he 112o of Reaumur, S2P above that 
of boiling water. The rarity of the air, its weak con- 
ducting power, and its small capacity for caloric, serve 
to explain how a person can exist in so warm an at^ 
mosphere. It is by its action upon the skin, and the 
consequences which ensue from that, that fire becomes 
injurious. Now the " Fire King," who exhibited him- 
self in London last spring, was wrapped up in wide 
pantaloons, of red wool, a loose mantle also of wool, 
and wore on his head a great quilted felt cap ; and 
the wool being a bad conductor of heat, this wonder- 
working genius should awaken the astonishment of the 
ignorant alone. 

IVhi/ wre porous or spongy substances, as feathers, 
fleecy matter, ^c, bad conductors of heat P 

Because, in great measure, of the quantity of air 
which they have in their structure ; air being, probably, 
the worst conductor known, that is, the substance 
which, when at rest, impedes the passage of heat the 
most. — Amott, 

Why does a drop of water roll about on a red-hot 
iron mthout evaporation ? 

Because its surface becomes so highly polished as 
to reflect all the heat If the heat be less, the water 
penetrates the pores of the oxidated iron, and losing 
its polish, is evaporated. 

Why is water frozen in a vessel from which the air 
has been pumped out, and which contains bodies that 
quichly absorb its vapours P 

Because the evaporation of the water is thus acce- 
lerated — the heat required for the conversion of one 
portion of the water into vapour, being taken from the 
other portion, which is thus reduced to ice. 
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Why is soft and flabby meat unfit for cooking? 

Because, after the rigidity has totally ceased, animal 
flesh soon experiences the commencement of those 
chemical changes which terminate in putrefaction. 

Why do confectioners melt ice with common saltF 
Because they thus produce cold much greater than 
that of the origpinal ice. 

Why do not springs freeze P 

Because the earth conducts cold or heat hut slowly, 
and the most intense frosts penetrate hut a few inches 
into it; the temperature of the ground, a few feet he- 
low its surfa<;e, is nearly the same all the world over, — 
Amott, 

Why are many of the gothic halls and cathedrals 
cool in summer and warm in winter ? 

Because, in proportion as huildings are massive, they 
acquire more of those qualities, which have just heen 
noticed, of our mother-earth. — Amott. 

Why is the degree of cold greater the farther we re- 
move from the eartKs surface r 

Because the air is not heated immediately hy the 
rays of the sun passing through it ; hut on their meet- 
ing with an opaque (or dense) hody, as the earth, their 
heat is elicitea, and thence gradually communicated 
to the surrounding atmosphere. 

In winter, the earth, at eighteen inches depth, is 
warmer than the air ; in summer, the air is warmer 
than the earth at that depth : these effects are owing 
to the earth heing a had conductor of heat. — Parkes. 

Why do the Swiss peasants, when they wish to sow 
their seed, spread black cloth on the surface of the 
mow? 

Because it may ahsorh the sun's rays, and facilitate 
the melting of the snow. Dr. Franklin, to exemplify 
the effect of the different colours in ahsorhing heat, 
covered snow with pieces of cloth of different colours, 
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at a time when the sun was shining fiilly upon the 
snow. Haying done so, he ohserred that the snow 
under the black cloth was melted first, then that under 
the blue, then under the brown, whilst that under the 
white cloth was reiy inconsiderably melted. 

Why are the heights ofviwuntains calculated hy the 
tenwerature at which water boils upon their summits P 

iBecause, if we diminish atmospheric pressure, we 
lower the boiling point. Thus, water, under mean at- 
mospheric pressure of 30 inches of mercury, boils in a 
metallic yessel at 212<>. At the top of Mont Blanc, 
Saussure found that it boiled at 187o, from the atmos- 
phere being less dense there than below. 

Why is the air warm in vrdstu or rainy weather? 
Because of the liberation of the latent heat from the 
precipitated yapour. 

Why is heated air thinner or lighter than cold air? 

Because it is a property of heat to expand all bodies ; 
or rather we should say, that we call air hot or cold, 
according as it naturally is more or less expanded. 

Why is a tremulous motion observable over chimney^ 
pots, and slated roofs which have been heated by the 
sun? 

Because the warm air rises, audits refracting power 
being less than that of the colder air, the currents are 
rendered yisible by the distortion oi oljects riewed 
through them. 

Within doors, a similar example occurs above the 
foot-lights of the stage of a theatre ; the flame of a 
candle, or the smoke of a lamp. . 

Why are the gas chandeliers in our theatres placed 
und4>r a large funnel? 

Because the funnel, by passing through the roof into 
the outer air, operates as a very powerful ventilator, 
the heat and smoke passing off with a large proportion 
of the air of the house. 
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The ventilation of rooms and buildings can only be 
perfectly effected, by suffering the heated and foul air 
to pass off through apertures in the ceiling, while fresh 
air, of any desired temperature, is admitted from below. 
— Brande. 

Why is the atmosphere of theatres^ and other crowded 
phiees, prejudicial to health ? 

Because it has been found, that in a theatre, from 
the commencement to the end of the play, oxygen or 
vital air is diminished in the proportion of from 21 to 
27, or nearly one fourth, and is in the same proportion 
less fit for respiration than before. — Lavoisier, 

Why are diving-hells restricted in their descent to ten 
or twelve fathoms ? 

Because of the density, and more especially the 
heat, of the air, although renewed by forcing pumps, 
becoming insupportable. 

Why does the hark of trees resemble clothing P 
Because it allows the heat to pass from the tree but 
slowly, and secures, therefore, the temperature neces- 
sary to vegetable life. 

That csJoric is as necessary for the support of vege- 
tal)le as it is for that of animal life, may be proved by 
direct experiment. If, in the middle of winter, a hole 
be bored in a tree, and a thermometer put into it, it 
will be seen that the tree is many degrees warmer than 
the atmosphere. 

Why does the effect of wind, or motion of the air, 
quicken evaporation P 

Because it removes air saturated with the moisture, 
and substitutes air which is not, thus producing nearly 
the case of the substance placed in a vacuum. 

Why do liquids evaporate neither so rapidly nor so 
greatly in air, as in a vacuum P 

Because the presence of the air impedes the spread- 
ing from the liquid surface of the newly-formed va- 
pour, and keeps it where its pressure resists the forma- 
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tion of more rapoiir ; and, because the air in contact 
-with a liquid, shareb :ts lugher temperature with the 
liquid. Still, in India, flat dishes of water, placed 
tlirough the night on beds of twigs and straw, kept 
wet, and in a current of air, soon exhibit thin cakes of 
ice — and thus ice is procured in India, for purposes of 
luxury. — AmotU 

Why do heated sea-sand and soda form glass? 

Because, by heating the mixture, the cohesion of 
tbe particles of each substance to those of its own kind 
is so diminished, that the mutual attractions of the two 
substances come into play, melt together, and unite 
chemically into the beautiful compound calXed glass. 

Why is sand used in ghiss? 

Because it serves for stone; it being said, that all 
white transparent stones which will not bum to lime 
are fit to make glass. 

Why do cracked glass vessels allow liquors to escape 
wore or less F 

Because of the yarious fissures, whieh are distin- 
guished into four kinds. The first are such, that the 
liquid contained in the broken vessel escapes thzough 
them into the air. The second are sudki as retain me 
liquid, unless the vessel be immersed in water, or a 
similar fluid, and then the levels of the two portions of 
the fluid, tend to approach each other. The third are 
not permeable, (or, to be passed through) unless the 
fluids on opposite sides hsive a chemical action on each 
other : this is also the effect produced by the mem- 
brane of the bladder. The fourtb kind are so fine, 
that no fluid passes, except in a single case. — Fischer. 

Why is Jine table^lass very liable to wear and da- 
wuiger 

Because of the great quantity of oxide of lead which 
it contains, to give it more density and re&active 
power. Its disadvantages are extreme softness, great 
fusibility, and liability to be conoded by acids. A 
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oonsideiable quantity of this oxi^e is contained in that 
glass used for lustres, for artificial gems, and for most 
optical pniposes. The superior' appearance of Gui- 
nand's S^iss flint-glass is attributed to the quantity 
of oxide of lead which it contains. 

ELECTRICITY. 

Why is electrivky so called ? 

Because of its origin from electron^ the Greek name 
of amber, — ^the phenomena displayed by rubbing a 
piece of amber, being the first physical £ict recorded 
in the history of science. 

Electricity investigates the attractions and repul- 
sions, the enus^on of light and explosions, which are 
produced not only by the firiction of vitreous, resinous, 
and metallic surfaces, but by the heating, cooling, eva- 
poration, and mutual contact of a vast number of 
bodies. 

Why are certain bodies called conductors of electrv- 
city? 

Because ^ey suffer electricily to pass through their 
substance. The metals are all conductors ; according 
to Mr. Harris, (PhiL Trans. 1&37) silver and copper 
are thel)est conductors ; then gold, zinc, and platinum, 
iron, tiuy and lead. Well burned charcoal and plum- 
bago also conduct. 

Why are other bodies called non^-conductors P 

Because they only receive electricity upon the spot 
touched. Dry air, glass, sulphur, resins, and oils, are 
non-conductors. Water, damp wood, spirit of wine, 
damp air, some oils, and most animals and plants, are 
imperfect conductors. 

Why have different bodies various conducting powers 
for electricity r 

Because their degree depends on the quantity of 
electricity which traverses them ; so that of two con- 
ducting bodies, tha^ whiek is the best for one electric 
current, may be the worst for either a stronger or a 
weaker current. — Professor Delarive, of Geneva. 
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Why are the phenomena of electricity called negative 
and positive P 

Because, Frankliii) obserriDg that the same electri- 
city was not inherent in the same body, but that glass 
sometimes exhibited the same phenomena as wax, and 
wax as glass, instead of regarding the phenomena as 
dependent upon two electric fluids, referred them to 
the presence of one fluid, in excess in some cases, and 
deficient in others. To represent these states, he used 
the terms plus and mirnu, positive and negative. Thus, 
when glass is rubbed with silk, a portion of electricity 
leaves the silk and enters the glass ; it becomes positive, 
therefore, and the silk negative : but when sealing-wax 
is rubbed with flannel, me wax loses and the flannel 
gains ; the former, therefore, is negative, and the latter 
positive. All bodies in nature are thus regarded as 
containing the electiic fluid ; and when its equilibrium 
is disturbed, they exhibit the phenomena just des- 
cribed. — Brande. 

Why does an electrical machine produce flashes and 
sparks of light, when the plate or cylinder is turned P 

Because, it is conjectured, of the sudden compression 
of the air, or medium, through v,iilbh the electricity 
passes : it is, probably, always attended by a propor- 
tionate elevation of temperature, as is shown by the 
power of the spark to influence spirits of wine, jnilmi- 
nating silver, and other easily inflammable compounds. 
— Brande, 

Why will a feather adiiere to rubbed or excited seal- 
ing-wax, and then fall off? 

Because it is attracted by, and remains in contact 
with, the wax, till it has acquired its electricity, when 
it will be repelled, and in that state of repulsion, it 
will be attracted by an excited glass tube. 

Why does the appearance of electric fire vary? 
Because of the difierent density of the medium 
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throagh wUcli it passes. Thus, in common air, short 
sparks are straiglit, or nearly so, and long ones zig-zag ; 
^e former are brilliant, especially at their extremities, 
the latter usually of a paler or redder hue. In con- 
densed air, the electric spark is bright and white ; in 
raiified air it is of a reddish tinge, and faint and 
divided; in the more perfect vacuum of a good air- 
pump, it is of a purplish hue, and only visible in a 
dark room. In the most perfect vacua which can be 
obtained, it is scarcely visible, and of a greenish tint. 
In different gases the electric spark appears most bril- 
liant in those which are most dense ; in hydrogen gas 
it is faint and red ; in carbonic acid it is vivid and 
white. — Brande. 

Why is the electrical, shock produced at the joints of 
the fingers, the elbows, shoulders, and chest, by holding 
the discharger of a Leyden phial P 

Because there is an accumulation of electricity 
within the phial, which consists of a thin glass jar, 
coated internally and externally with tin-foil, to within 
a short distance of its mouth. When the inner sur- 
face is rendered positive by union with the conductor 
of the electrical machine, the exterior, being connected 
with the ground, becomes negative by vicinity or 
position. When the inner and outer surfaces are 
united by a conductor, all electrical accumulation is 
annihilated by a powerful spark, and the two opposite 
states are found to have been precisely equivalent. 
Metallic wires, with balls at their ends, bent or jointed, 
and fixed to a glass handle, are generally used to 
transfer the electric charge, and these instruments are 
called dischargers, A pane of glass, coated upon both 
sides to within an inch of its edges, with tin-foil, 
exhibits precisely .the same phenomena as the phial ; 
but it is a less convenient form of the apparatus.-^ 
Brande. 

Why does the aura (or wind of an electrical machine) 
blow out a candle P 

PART V. K 
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Because of the rapid succc^ion of the electrified tor. 
This effect is felt upon lioljding the hand near the. 
point of a wire affixed to the conductor, when a pecu- 
liar coldness is perceived. It communicates motion 
to light hodies, as is seen in electrical fly-wheels, and 
in models of mills, orreries, and other amusing electro- 
mechanical apparatus. 

Why is an arrangemerU of several Leydenjare caUed 
an electrical battery P 

Because by a communication existmg between all 
their interior coatings, their exterior being also united, 
they may be charged and dischiucgedas one jar. 

The &charge of the battery is attended by a ccm- 
siderable report, and if it be passed thiough small 
animals, it instantly kills thexn ; if, through fine ifie- 
tallic wires, they are ignited, melted, and burned; 
and gunpowder, cotton spnnkled with powdered resin, 
and a variety of other combustibles, may be inflamed 
by the same means. 

Why, is light produced in. the empty part of a bairo- 
meter tube^ when it, is shaken in a dark room? 

Because tlie glass becomes electrified by the fiio- 
tion of the merciuy. £yen die fidction of air upon 
glass is attended by electrical excitation : for it has 
been found, that by blowing upon.a.dry plate of glass, 
with a pair of bellows, it^acquiredpositLve electricity. 

Why is a plate of zinc, when brouyht into contact 
with one of copper, or silver, fowid^ after removal, to be 
positively electrical, and the silver or copper left in the 
opposite state F 

Because of the electrical excitation by contact of the 
different metals, the most oxidizable (liable to rust) me- 
tal being always positive in relation to the least ox- 
idizable teetal, which is negative ; and the more oppo- 
site the metals in these respects, the greater the elec- 
trical excitation ; and if the metals be placed in tbe 
folloiiving order, each will become positive by the con- 
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tact of ataii wliich precedes it, and ae^tive by the con- 
tact of that wMch follows it ; and Uie g^reatest effect 
will result from l^e contact of the most distant metals. 

Platinum, 
Gold, 
Surer, 
. Mercury, 

Cowper, 

Tift, 

Lead, 

Zinc. 

FFAy are brass cocks in leaden cisterns corroded at 
the junction P 

Because of the chemical effects of the contact of 
the metals. In like manner, the places where solder 
is applied are Uable to depositions from the water. 
Iron railings are apt to be decayed and dissolved, 
where lead is used to fix them in stone cavities ; and 
where iron is employed in fixing a bronze itatue, niy 
friend Mr. Chantrey (observes Mr. Brai^de) informs 
me that it prevents the acquisition of the desirable 
green rust. 

Why have copper been substituted for iron nails and 
pins in fastening sheets of copper to ships^ bottoms? 

Because the galvanic action produced by the union 
of the two metals, iron and copper, was a great cause 
of destruction ; and copper nails and pins, although 
not so strong, are not attended with the same incon- 
Tenience. 

The last experiments which engaged Sir JEtumphry 
Davy's attention to any extent, were on this application 
of electrical combinations, for the purpose of preserv- 
ing the copper sheathing of ships' bottoms. To this 
subject Sir Humphry Davy gave much of his time, 
and personally inspected all the boats and vessels 
on which the trials were made. Although the theory 
upon which they were conducted proved eminently 
correct, no advantage could be ultimately taken of the 
plans which it suggested. The saving of the copper 
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was wholly counterbalanced by an accumulation of 
shell-fisb and sea-weed on the sheathing, which became 
sufficient, in a short time, to prevent the proper com- 
mand of the ship at the helm. 

Why is electricity tupposed to consist in a rare, subtle, 
and highly elastic nuia ? 

Because a fluid of this kind, when accumulated in 
excess in bodies, tends constandy to escape, and seeks 
a restoration of equilibrium by commumcating itself 
to any others where there may be a deficiency ; thus, 
in its tendency to expand and diffuse itself, pervading 
with more or less facility the substance of conductors, 
but obstructed and detained from expansion more or 
less completely by non-conductors. It also appears 
that all electrical phenomena are explicable on this 
supposition. 

Why is animal electricity also called galvanism ? 

Because of its discovery by Galvani, by the accidental 
suspension of recently killed frogs,by copper hooks,to the 
iron palisades of his garden, when ne observed convul- 
sive movements in the limbs of the animals, which no 
known principle could explain. Galvani, at length, 
ascribed these muscular movements to a series of dis- 
charges of a peculiar electricity, inherent and innate 
in living beings. 

Why were the 'phenomena just mentioned, called Vol- 
taic electricity P 

Because Volta proved that they proceeded from the 
contact of the two dissimilar metals (of the hooks and 
palisades) copper and iron, producing such a disturb- 
ance of the electrical equilibrium as was sufficient to 
affect the most delicate of all electroscopes, (measures 
of electricity) the irritability of a newly-killed frog, 
though it was insensible to eveiy electroscope of human 
construction. Galvani, however, proved that muscu- 
lar convulsions could be produced in the limbs of dead 
frogs, altogether independent of metals. 
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Oalvsalsm has of late years gfiven birili to fanprove- 
ments iJiat have changed the face of chemical vhilo- 
sopht. One of its most briUlaUt restilts is thus heau- 
tinillj illustrated in a Treatise '* on the objects, 
advantages, and pleasures of science " attributed to the 
present Lord Chancellor : — ** It is to the results of the 
remark accidentally made upon the twitching in the 
firog^s legs, not, howerer, hastily dismissed and for- 
gotten, hot treasured up and pursued through many an 
elaborate experiment and calculation, that we owe our 
acquaintance with the extraordinary metal, liquid-like 
mercury, lighter than water, and more inflammable 
than phosphorus, which forms, ^hen it bums, by mere 
exposure to the air, one of ^e sailts best known in 
commerce, and the principal ingredient in saltpetre." 

Why was the Voltaic pile first constructed ^ 
Because a slender rod of silver and of zinc, touch- 
ing each other at one of their ends, and at the other 
brought into contact with the nerve and muscle, or 
spine and toes of a dead frog, having excited powerful 
oonrvlsions, it occurred to Volta that a repetition, on 
a more extended surface, of that simple series of two 
metals and moisture, might produce a combined effect, 
capable of being felt by the human hand. Hence, he 
constructed^ by regular altem&tions of silver, zinc, and 
moistened cloth or pasteboard, in a columnar form,' 
the electfD-diemical pile and bieittery. The best form 
of the Yoltttie instniment is, however, that of a trough 
of earthenware, with divisions of the same material, 
(to be filled with dihrte acid) ; and the metallic plates 
are attached to a bi:r of wood, so that they can be 
immei^sed and remored atone operation. Such is the 
great apparatus of the Royal Institution, the most 
powerfiu battery yet constm^cted in eleetro-cheimcal 
intensitv. The whole snifaee is 138,000 square Inches. 
Mr. Fepys likewise constructed a battery of 2000 
plates for the London Institution ; and Mr. Children 
constructed a vast apparatus, the plates of which 

e3 
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were two feet eight inches wide, and six feet high. 
They were fastened to a beam suspended by counter- 
poises from the ceiling of his laboratory, so as to be 
easily immersed into, or withdrawn firom, the cells of 
he acid. — Brande. 

There are six great eras in electro-chemical science : 
— 1. Its first discovery by Galvani. 2. Volta's disco- 
very of the contact of dissimilar metals disturbing the 
electric equilibrium. 3. Volta's invention of the pile. 
4. The chemical power of this instrument first observed 
by Messrs. Carlisle and Nicholson, in the decomposi- 
tion of water. 5. The identity of these chemical 
effects with those producible by common electricity, 
first discovered and demonstrated by Dr. WoUaston. 
And, lastly, the general laws of electro-chemical de- 
composition and transfer, revealed by Sir Humphry 
Davy in a series of memoirs equally remarkable for 
genius and industry. — Ure, 

Why is electricity continually active in nature? 

Because general changes in the form and constitu- 
tion of matter, axe connected with its electrical 
states. 

Why does it lighten ? 

Because of the accumulation of electricity in the 
clouds : hence it is, in philosophical parlance, called 
the electric fluid. 

The discharge of electricity in a thunder-storm, is 
sometimes only from cloud to cloud ; sometimes from 
the earth to the clouds; and sometimes from the 
clouds to the earth, as one or other may be positive or 
negative. When aqueous vapour is condensed, the 
clouds formed are usually more or less electrical ; and 
the earth below them being brought into an opposite 
state, a discharge takes place when the clouds ap- 
proach within a certain distance, constituting light- 
ning. — Brande. 

Why does it thunder F 

Because of the undulation of the air, produced by 
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the electric discharge just mentioiied ; thunder being 
more or less intense, and of longer or shorter duration, 
according to the quantity of air acted upon, and the 
distance of the place where the report is heard from 
the point of the discharge. 

Mr. Brande, from whom we quote this ex^anation, 
gives a further illustration of this idea : — ^^ Electrical 
effects take place in no sensible time : it has been 
found that a discharge through a circuit ff four miles 
is instantaneous ; but sound moves at the rate of about 
twelve miles in a minute. Now, supposing the light- 
ning to pass through a i^ace of some miles, the explo- 
sion wiU be first heard from the point of the air 
agitated, nearest to the spectator; it will gradually 
come firom the more distant parts of the electricity, 
and, last of all, will be heard firom the remote extre- 
mity : and the different degrees of the agitation of the 
air, and likewise the difference of the distance, will 
account for the different intensities of the sound, and 
its apparent reverberations and changes." 

Sir H. Davy, in his Elements, says : " In a violent 
thunder-storm, when the sound instantly succeeds the 
flash, the persons who witness the circumstance are in 
some danger ; when the interval is a quarter of a mi- 
nute, they are secure." 

Why are pointed conductors fixed as safeguards to 
buildings P 

Because the fluid or lightning may be attracted and 
circulated along them, and thus kept from injuring 
the building, till at length it reaches the earth as a 
common reservoir. 

In these cases, the conducting rod or rods should be 
of copper or iron, and from half to three-fourths of an 
inch in diameter. Its upper end should be elevated 
three or four feet above die highest part of the build- 
ing, and all the metallic parts of the roof should be 
oonnected with the rod, which should be perfectly con- 
tinuous throughout, and passing down the side of the 
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Imildingj ^netrate sereral feet below its foundation, 
so as always to be imlnersed in a moist stratum of soil, 
or, if possible, into water. The leaden water-pipes 
attached to houses often might be made to answer the 
purpose of conductors, espeoiallj when thidc enougfh 
to resist fusion^ — Brande. 

The magnificent effects of eleetricity^ in the thiinder- 
storm, were first experimentallj demonstrated by Dr. 
Ftan&lin, whose whole life was passed m amelioiatiftg 
the condition ^f his fellow-creatnres. 

Why is the fireside an unsafe place in a thunder- 
storm r 

Because the carbonaceous matter, or soot, with 
which the chimney is lined, acts as a conductor for 
the lightning. 

Why is the middle of an apartment the safest place 
during a thunderstorm ? 

Because, should a flash of lightning strike a build- 
ing, or enter at any of the windows, it will take its 
direction along the walls, without injuring the centre 
of the room. 

Why is bed a place of eomparaiive safety in a thun- 
der-storm P 

Because blankets and feathers are non-conductors. 
A woollen rug is likewise a non-conductor, but it 
should be remored from the chimney. Bell wires 
being conductors, are almost always melted in houses 
struck by lightning. 

Why is it dangerous to taki shelierundera tree during 
a storm P 

Because the tvee is a good oonductory j^robably from 
vegetation tending to atmospheric electncity, and the 
immediate vicinity of the tree being more highly 
electrical, as will be presently shown. (See page A7,) 

The sidfest situation without doors, during a storm, 
is within some yards of trees, and upon the dry est spot 
that can be selected. 



POPULAR CHEMISTRY. 45 

Wh^ are ihips at sea so often destroy by lightning? 

Because of the ffreat quantity of metal, and parti- 
cularly of iron, wnich is employed in the rigging ; 
more- especially as the metallic masses are there nearly 
insulated, or connected only hy very imperfect con- 
ductors. 

These inferences are drawn from an interesting 
account of an accident to the PS^^^t ship the New 
York, by lightning, in 1827. The paper is by Dr. 
Trail, and was communicated to the Koyal Society by 
one of its most distinguished fellows, the present Lord 
Chancellor. It wDl, of course, be found m the Philo^ 
sophical Trdnsactions of the year, but, perhaps, more 
readily, in the Arcana of Science and Art for 1829. 

Why is copper a better material for a conductor than 
ironP 

Because copper is less liable either to fusion or 
conversion. A rod is also, from its continuity, a better 
fonn of conductor than a chain. 

Why are there " returning*' strokes of lightning P 

Because they are due to the restoration of the natural 
electric state, after it has been disturbed by induction. 
Thus, if a person be brought into a highly electric and 
negatire state by induction, from the approximation of 
a hodj highly charged positively, and then the latter 
be dischargea by means naving no connexion wiUi the 
negatively electrified person, the negative state of the 
latter will be immediately destroyed, and an effect, in 
part analogous to a positive discharge of electricity, 
will be produced. Some of the most serious accidents 
which occur from lightning are supposed to be pro- 
duced in this way; not by the mere disturbance of 
electrici^ in a person only, but of the electricity of 
those bodies with which the person may be in contact, 
and to which he accidentally serves as a conductor. 

For an illustrative narrative of a returning stroke of 
lightning, near Paris, in September, 1826, see a paper 
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translated from the Atmales de Chimie, in tbB Qttor- 
terfy Journal of Science for 1826. 

Why are vitreous tubes occurring in elevated sandy 
districts^ called ^* lightning tubes ?" 

Because they have been considered as produced by 
lightning, which melts the sand to a considerable 
depth, so as to form a tube, commonly sinuous, widi 
solid and smooth walls internally, and rough on the 
outside. In 1828, a young German naturalist pre- 
sented to his academy some of these tubes seventeen 
feet in length. It has been asked how electricity 
could produce effects so intense, and which have been 
considered so different from those obtained from artifi- 
cial electricity ; but this point has been decided by two 
eminent French chemists^ success in forming fragments 
of tubes perfectly resembling the natural li^tning 
tubes, only that their walls were less solid, and their 
length less. 

Why have the gymnotm^ or electfic eel^ and the tor- 
^pedoj or electric eetl a benumbing effect ivhen touched ? 

Because of certain singularly constructed organs 
given to those remarlcable animals for the purposes of 
defence, which certain forms of the Voltaic apparatus 
much resemble ; for they consist of many alternations 
of different substances. These electrical organs are 
much more abundantly supplied with nerVes man any 
other part of the animal, and the too frequent use of 
them is succeeded by debility and deatli. — Philoso- 
phical Transactions, 1817. 

Towards the close of his valuable life, Sir H. Davy 
dated from Lubiana, lUyria, (1828) an important paper 
containing a summary of his experiments on the tor- 
pedo. It will be found in tbe Philosophical Transac- 
tions of the year. Among the inferences drawn by Sir 
Humphry, is ''a stronger analogy between common 
and animal electricity, Uian between Voltaic and ani- 
mUl electricity; and a probability that anitnal elec- 



POPULAR CHEMISTRY. 4/7 

trici^ will be found of a difttinctive and peculiar kind." 
This opinion, it will be p^K)eiyed, is at yaiiance with 
the explanation quoted in the preceding paragraph. 
Again, Sir Humphry observes, ** the organ of the 
torpedo depends for its powers upon the will of the 
animal. Jobn Hunter has shown how copiously it is 
fumisbed with nerves* In examining the columnar 
structure of the organ of the torpedo, I have never 
been able to ^seover arrangements of different con- 
ductors similar to those in galvanic combinations ; and 
it seems not improbable that the shock depends upon 
some property developed by the action of the nerves." 

Why do vegetahleg tend to atmomheric electricity P 
Because o£ the action of. the charcoal they contain 
upon the ogygen of the air ; and. when it is considered' 
that on one hand about fi^en grains of charcoal, in 
becoming carbonic add, gives out sufficient electricity 
to charge a Leyden jar; and, on the other hand, that, 
the charcoal wmch is contained in vegetables does not. 
give out less electrici^ than charcoal which bums 
neely, one may conclude, as direot experiments tend 
to piove, that over a sva&ce of vegetation, 100 meties. 
square, more electricity is produced in a day than 
is neoessaiy to charge the strongest electrical battery. 
— M. P&w£Uei^ ta tAe Anntdes de Chimie. 

Why is electricihf beneficial to plants P 
Because electrified seeds pass more rapidly through 
the first neriods of vegetation, than such as are not 
electrifiea; and electrified roses flower more rapidly 
and abundantly. Plants with pointed leaves and spines 
attract electricity. 

Why is the cutting doivn of forests found to diminish 
the quantity of rain P 

Because it is supposed to diminish the attraction for 
clouds. 

Why do leeches die suddenly at the approach of or 
during storms P 
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Because t>f the coagulation of their blood, caused by 
the impression of the atmospheric electricity. 

Why is dectricity considered an important chemical 
agent? 

Because it not only produces an infinite variety of 
changes, but likewise influences almost all which 
take place. Thus, there are not two substances on the 
surface of the globe that are not in different electrical 
relations to each other; and chemical attraction itself 
seems to be a peculiar form of the exhibition of elec- 
trical attraction ; and wherever the atmosphere, or 
water, or any part of the surface of the earth gains ac- 
cumulated electricity of a different kind from the con- 
tiguous surfaces, the tendency of this electricity is to 
produce new arrangements of the parts of these sur- 
faces; thus, a positively electrified cloud, acting even 
at a great distance on a moistened stone, tends to 
attract its oxygenous or acidiform, or acid ingredients, 
and a negatively electrified cloud has the same effect 
upon its earthy alkaline, or metallic matter; and the 
suent and slow operation of electricity is much more 
important in the economjr of nature, than its grand 
and impressive operation in lightning and thunder. 
The chemical agencies of water and air are as^ted by 
those of electricity; and their joint effects, combined 
with those of gravitation, and certain mechanical ones, 
are sufficient to account for the results of time. — Sir 
H. Davy's Consolations in Travel, 

Why are magnetism and electricity^ which had long 
been studied as separate branches of science, now effectw- 
ally blended ? 

Because all the phenomena of magnetic polarity, 
attraction, and repulsion, have at length been resolved 
into one general fact, that two currents of electricity 
moving in the same direction repel, and fh contrary 
directions attract, each other. — aerschel, 

'Hence, the magnetic effects of electricity constitute 
a new branch of science, under the the titie of electro- 
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magnetum. The more popular phenomena of mag- 
netism, which it will be our object to explain, do not, 
however, belong strictly to chemical enquiry ; we may 
therefore reserve their illustration for a more fitting 
occasion. 

LIGBT AND FLA1I£. 

Why may light and air be taid to conttitute a portion 
of our earth ? 

Because of their absorption by the earth. Thus, 
the light emitted by burning coals, (which are gene- 
rally admitted to be of regetable origin) has un- 
doubtedly been condensed in them by a process of na- 
ture which bids defiance to conjecture. — Mr. Detrosier 
of Manchester, 

Why does afire give out warmth? 

Because the heat is radiated ; there being but little 
connexion with the immediate conducting power of the 
air ; thus, if a concave metallic mirror be held oppointe 
the fire, a heating and luminous focus will be obtained. 

Why is ice produced in India (as described in 
page M) ? 

Because, chiefly, of the high radiating powers of 
the dry straw which is strewed in the inclosures, con- 
taining the water in shallow dishes. Calm and serene 
nights are most fiivourable to^this operation, and it is 
necessary that the straw should be dry; for, when 
wetted, the Deduction of cold is prevented ; a circum- 
stance which shows that evaporation is not the cause 
of the diminished temperature. We quote this fexm 
Brande, altiiough the conclusions do not coincide with 
the opinioii quoted from Amott, at page 33. 

Why are certain rays of the sun termed deeow^ 
peeing? 

Because they have a tendency to interfere with the 
chemical constitution of bodies. Besides this kind of 
ays, it is ascertained there are two others ; the oalori- 

PART V. F 
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fic, or heatbig rays; and the lominoiiSy ox. coloimfic 
zaysy whicli produce ntion and colour. 

Sir H. Dainr has, in some general £ekcts oi great 
interest, traced an analogy between the effects m the 
sun's rays and the agencies of electricity. 

Wh^ are the terms red-hot and white-^t used P 

Because, when .bodies are rendered luminous by 
great eleration of temperature, the light which thc^ 
emit often appears dependent upon the heat to which 
they are subjected. There are, however, certain 
boaies which, at high temperatures, are remarkable 
for the quantity and extreme brilliaiity of their light, 
independent of actual combustion; this is the case 
with several of the earths, but more especially with 
lime, a small ball of which, about a quarter of an inch 
in diameter, being ignited in the flame of alcohol urged 
by oxygen fi;as, emits light ; having about thirty-seven 
times the mtensity of an Argand lamp burner. — 
Brande, 

Lieutenant Drummond has proposed to* apply this 
principle to the inmrovement of the iUumination of 
light-houses ; by substituting " for the Argand burners 
a small ball of lime igmted by the combustion of 
oxygen and hydrogen." His experiments are described 
in ue Philosophical Transactions, 1890, as follows : — 

^* From this small ball, only three-eighths of an indi 
in diameter, so brilliant a light is emitted, that it 
equals in quantity about thirteen Argand lamps, or 
120 wax candles; while, in intensity or intrinsic 
brightness, it cannot be less than 260 times that ^an 
Argand lamp. These remarkable results are deduced 
from a series of experiments made lately at the Trinity 
House; and, having been repeated witli' every precau- 
tion, and by different individuals, there seems no reason 
to doubt their accttracy. In the best of our rev<dving 
lights, such as that of Beaehy Head^ there are no less 
than thirty reflectors, ten on each side. If, then, a 
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fliiig^e leflector, illmniiialed by a lime ball, be substi- 
tuted for each of these ten, the effect of the three 
would be twenty-six times greater than that of the 
thirty. On account of die smaller dirergence of the 
former it would be necessary to double their number, 
placing them in a hexagon instead of a triangle. In 
this case the expense is estimated/tt neaihr the same. 
This method was tried lately at Purfleet m a tempo- 
rary light-house, erected for me purpose of experiments 
by the corporatioB of the Trini^ House, and its supe- 
nonty over all the ether lights with which it was con- 
trasted, was fully ascertained and acknowledged.'' 

Wkjf wrt light and hmtt neeeaary to ike existence of 
pLmUp 

Because, in tlie sunshine, Tegetables deoompose the 
caibonic add gas of the atmosphere, the carbon of 
which is absorbed and becomes part of their organized 
matter; and the oxygen, which is the other consti-' 
tnent, is thrown off. 

Why do not pUmU JUmriih in the dark P 

Because no oxygen is then produced by them, and 
no carbonic acid abisorbed. 

Light exOTcises a very rmarkable influence upon 
die irritability of the sensitive plant. Thus, if a sen- 
sitiye plant be placed in complete dartmess, by cairying 
it within an opaque vessel, it will entirely lose its irrt- 
labOity, and that in a yariable time, according to a 
certain state of depression or elevation of the surround- 
ing temperature. 

Agahky Mr. Burnet finds that when a sensitive plant 
has been made to droop, if the part in which the 
moving power resides is blackened so as to absorb the 
hfjkt of the sun, the restoration of the plant to its 
aaCmral state is very much longer before it takes place. 
He also finds that at the moment the expansion at the 
foot of the leaflets, or other parts, is touched, to pro- 
duce the motion of the plant, it changes colour. — 

PhUos. Mag. 

f2 
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Why art certain bodiet §aid to he phoepkoreteerU ? 

Because, when heated to a certain point below 
incandescence, (an exceedingly high temporatuTe 
without the production of any gas) they become lumi- 
nous, without undergoing combustion. Oil, wax, 
spermaceti, and butter, when nearly boiling, are 
luminous. — Brande. 

Why are other claseee of phosphorescent bodies called 
solar phosphori P 

Because they become luminous when removed into 
a dark room after having been exposed to the sun- 
shine. Of this description are Canton's, Baldwin's, 
and the Bolognian phosphorus, the latter named horn 
its discovery by a shoemaker of Bologna. — Brande, 

Wohler, a German chemist, recommends, as likely 
to give phosphorus at a very cheap rate, to distil, by a 
strong heat, ivory black with half its weight of fine 
sand and charcoal ponder. A silicate of lime is 
formed, and the carbonic oxide and phosphorus come 
over. 

Dr. Bache, of Philadelphia, states, that at the tem- 
perature of sixty degrees Fahrenheit, or upwards, 
carbon in the form of animal charcoal, or lamp-black, 
causes the inflammation of a stick of phosphorus pow- 
dered with it ; the effect takes plaee either in the open 
air, or in a close receiver of a moderate size. 

Bodies spontaneously phosphorescent belong to ano- 
ther class. Among tnese are the flesh of salt-water 
fish just before it putrifies, and decayed wood. The 
fflow-worm and the lantern-fly, certain shell-fish, me- 
dussB, &c. are also luminous when alive; and the 
hundred-legged worm, and sonte other worms and 
insects, shine brilliandv when illuminated. These 
phenomena, as well as the phosphorescence Of the sea, 
will, however, be explained elsewhere. 

The phosphorescence of fish has already been 
noticed, and attributed to animalculas during putre/ac' 
tion ; whereas, from the experiments of Canton, and 
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of Dr Hulme, it appears that '* sea-fish become lumi- 
nons in about twelve hours aflter death, that it increases 
till putrefaction is evident, and that it then decreases." 

Why may fimne in general he regarded as luminous 
gasemu matter P 

Because hydrogen gas, probably, furnishes the 
poiest flame which can be exhibited ; for the flames 
of bodies which emit much light, derive that power 
from solid matter which is intensely ignited and dif- 
fbsed through them, and which in ordinary flames, as 
of gas, tallow, wax, oil, &c. consists of finely-divided 
cbaiooaL — Brande, 

Dr. Ure, speaking of *' the nature of flame, and of 
the rehition between the light and heat which compose 
it," says, " The flame of combustible bodies may, in all 
ca^es, be considered as the combustion of an eandogive 
mixture of inflammable gas or vapour with air. It 
cannot be regarded as a mere combustion at the sur- 
face of contact of the inflammable matter. This 
fact is proved by holding a taper, or a piece of burning 
phosphorus within a flame made by the combustion of 
alcohol. The flame of the taper, or of the phosphcnrus, 
will appear^ the centre of the other flame, proving 
that there is oxygen even in its interior part. 

Why does spirit of wine sometimes hum with various 
coloured Jlames P 

Because of its admixture with difierent substances. 
Thus, from borax it acquires a greenish yellow tint ; 
nitre, and the soluble salts of baryta, cause it to bum 
yellow, and those of stronUa give it a beautiful rose 
colour ; copper salts impart a fine green. 

Ihr. Ure, in his valuable Dictionary of Chemistry, 
(edit 1830) gives the following recipe for the beautiful 
red fire now so efiectively used to aid stage effect at 
the theatres : — 40 parts di^ nitrate of strontia, 13 parts 
finely powdered sulphur, d parts chlorate of potash, 
(hyper-oxymuriate) and 4 parts sulphuret of antimony. 

f3 
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Powder the two latter separately in a mortar, and then 
mix them on paper; aner which add them to the 
other ingredients, previously powdered and mixed. 
No other kind of mixture than rubbing together on 
paper is required. Sometimes, a little rmgar is added 
to the sulpnuret of antimony ; and frequently, when 
the fire bums dim and badly, a yery small quantity of 
finely powdered charcoal, or lamp-black, wUl make it 
perfect 

Why is workiiuf in coal mines sometimes fatal to 
miners P 

Because of the carburetted hydrogen gas, or damp, 
and noxious exhalations, during the working of the 
coals, from fissures or cracks in the beds ; when this 
has accumulated so as to form one-thirteenth of the 
atmosphere of the mine, it becomes explosive by a 
lighted candle or any kind of flame. By miners, this 
gas is called fire-damp, to distinguish it from carbonic 
acid gas, which they call choke^mp. 

The late Mr. Spedding, having observed that the 
explosive damp could only be kindled by flame, and 
was not liable to be set on fire by red-hot iron, nor by 
the sparks produced by the collision of flint and steel, 
invented a machine, in which, while a steel wheel was 
turned round with very rapid motion, flints were 
applied to it, and by the abundance of fiery sparks 
emitted, the miners were enabled to carry on their 
work in places where the flame of a lamp or candle 
would occasion dreadful explosions. 

Why is the safety-lamp so called P 

Because it consists ot a lamp surrounded by a wire 
ffauze, which, by confining the flame from the fire- 
damp, without intercepting the light, enables the 
miners to work in safety ; and which, in gratitude to 
its illustrious inventor. Sir H. Davy, is, in mining dis- 
tricts, called the Davy, 
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Why does the wire^gaiuxe prevent expUmon ? 

Because the meshes of the gauze are of such a 
aze that a flam^ of the ras attexnptmg to pass through 
it, is so cooled bj the heat-absorbing and heat-con- 
ducting power of the metal, as to be extinguished ; or, 
in fewer words, the temperature of the flame is so 
much lowered as to be insufficient to ignite the 
inflammable mixture on the outside. This is shown 
by bringing down a piece of fine brass or iron wire- 
gauze upon the flame of a candle ; or, what answers 
better, upon an inflamed jet of coaJ gas, it will, as it 
were, cut the flame in half. That the cooled ^;aseou8 
matter passes through, may be shown by again lighting 
it upon the upper surface. 

Mr. Brande further illustrates this principle, by sup- 
ponng the flame of a common lamp to be eyerywhere 
properly surrounded with wire-gauze, and in that state 
immersed in an explosive gaseous mixture, (like the 
fire-damp) it will be inadequate to its inflammation ; 
that part only being burned which is vyithin the cage; 
communication to the inflammable air without being 
preyented by the cooling power of the metallic tissue ; 
80 that, by such a lamp, Uie exnlosiye mixture will be 
consumed, but cannot be exploded. 

The apertures in the gauze should not be more 
than one-twentieth of an inch square ; in the working 
model which Sir Humphry Davy sent to the mines, 
there were 748 apertures in the square inch. 

The above is the explanation of the principle, by, 
and ficom the reasonings of, the ingenious mventor 
himself. — Some fisu^ts known to Signer G. libri, of 
Florence, were, however, at variance with this hypo- 
thesis, and he found, upon trial, that when single rods 
were made to approach a flame, the latter was always 
inflected on £dl sides from the rod, as if repelled by it ; 
and that this effect was independent of the conducting 
power of the rod, whether good or bad. The amount 
of inflection or repulsion was directly as the maM, and 
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inversely as the distance from the flame. It was not 
diminished by increasing the temperature of the rod 
even to such a degree as to render it scarcely possible 
for it to abstract any of the caloric. In £act, when two 
flames are made to approach each other there is a 
mutual repulsion, although their proximity increases 
the temperature, instead of diminishing it. From 
these pnneiples, Signer L. says, the theory .of the 
safety lunp is easily deduced. A metallic wire exert- 
ing, according to its diameter and its own nature, a 
constant repijdsion upon flame, it is evident that two 
paxallel wires so near each other as not to exceed the 
distEince of twice the radius of the sphere of repulsion, 
will not permit a flame to insinuate itself between 
them, unless it be impelled by a force superior to the 
intensity of repiiQsion. If to Uiese two wires others be 
added, a tissue is formed impenetrable to flame, eqpe* 
cially when the conducting power of the wires adds its 
influence to that of the repulsion. He conceives that, 
from the views above stated, the number of cross or 
horizontal wires in Davy's lamps are unnecessarily 
hu^e; and that by rejecting all of these excepting 
a number sufficient to secure the firmness of the 
tissue, the lamp would afibrd as great a security as at 
present, and, at the same time, difiiise a much greater 
light — ^this opinion he has verified by actual expe- 
riment. 

Again, a Mr. Dillon, an ingenious writer on prac- 
tical science, maintains, in opposition to Sir Humphry 
Davy, that ihe Davy lamp acts by its heat and rare- 
faction, not from the flame being cooled by ihe wire- 
gauze covering. He shows, by a simple experiment, 
that the Davy lamp is not safe in a current of hydro- 
gen, or carburetted hydrogen gas, which, if steadily 
directed on the flame of the lamp firom a bladder and 
stop-cock, by cooling the wtre-^anze, brings the flame 
of the lamp through the gauze to the mouth of the 
stop-cock, even should there be six folds of gauze 
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intervening. He shows' al8(s by immersing the kunp, 
when cold and newly-lighted, into a jar of dense 
hydrogen, or carburetted hydrogen gas, or an explo- 
dye mixture with atmospheric air, that explosion 
takes place inside and outside of the lamp ; wnereas, 
when the lam^ has burnt sufficiently long to heat 
the wire-gauze, no explosion takes place on the 
outside 01 the lamp. These experiments appear 
incontrovertible in support of his theory, which is, 
^ that the wire-gauze is merely the rapid receiver and 
the retainer of heaty and that it is the caloric in its 
meshes which prevents the fiame of the lamp from 
being fed by the oxygen of the atmosphere on the 
outside.'' 

Mr. Dillon increases the heat of the lamp, and 
places on it a shield of talc to protect it from a cur- 
rent, and, upon his theory, the shafts or workings of 
iron and coal mines may be lighted with gas with 
perfect safety, protecting the flame with wire gauze 
and a circular shield of talc. 

The explosions from fire-damp are truly terrific. Sir 
H. Davy says, " when this gas has accumulated in any 
part of the gallery or chamber of a mine, so as to be 
mixed, in certain proportions, with common air, the 
presence of a lighted candle, or lamp, causes it to ex- 
plode, and to destroy, i^iu^^ or bum, whatever is ex- 
posed to its violence. The miners are either imme- 
diately killed by the explosion, and thrown, with the 
hoises and machineiy, through the shaft into the air, 
— ^the mine becoming, as it wero, an enormous piece of 
artilleiy, from which they are projected — or, they are 

dually sufibcated, and undergo a more painful 
bi, from the carbonic acid (choke damp) and nitro- 
gen remaining in the mine after the explosion of the 
fire-damp ; or what, though it appears the mildest, is 
perhaps the most severe fate, — ^Ihev are burned or 
maimed, and often rendered incapable of labour, or of 
healthy eiijoyment, for life." 
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A conq^anthre statement has been made of the nmn- 
te of explosioiM in coal mines, and the deaths oocar 
noned by them, donnff the ten yean which nieceded, 
and the ten years which saoceeded, the introduction of 
the Davy-lamp ; fitom which it appears that 

From 18Q6 to 181A there were 9£xpkM. 9B4 
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This excess is acooonted for by the worlonen rdying 
10 much on the Davy, that, under its protection, they 
now work in places where they would not have formerly 
Tentured to take a light. Inattention to the state of 
the lamps doubtless contributes to the lamentable 
total. 

Mr. Brande judiciously obserres, that as their safety 
^ entirely depends upon the perfect state of ihe wire- 
gauze, and upon the non-existence of any aperture or 
channel sufficiently large to admit of the passage of 
flame, they should, when in use in a coal mme, be in- 
spected daily, to ensure their soundness in these res- 
pects. In gas-manufactories, spirit-warehouses, and 
m all cases where inflammable vapours or gases a re 
likely .to be generated, as in the examination of fool 
sewen and drains, it is obnous that these lamps are 
importantly applicable." 

Why do firemen, hy the protection ofAldiniPsincomr 
huttihie cloth and unre^atize, remain for two or three 
minutes completely enveloped injlames, without injury ? 

Because, perilous as their situation may appear, they 
are supplied in some way with pure air. M. Gay Lus- 
sac observes, that when a furnace is heated so as to 
flame and smoke, the*air within is entirely deprived of 
oxygen ; and therefore it is certain, that if the imme- 
diate action of the flames were guarded off by the wire- 
gauze, still it would be impossible to sustain respiration 
m the midst of them. There are several ways of ac- 
counting for the requisite supply of air ; and one which 
M. Gay Lussac suggests appears the most probable : 
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viz. that the men axe Quppfied by a current of fresh 
83J from the space between, tihe two garments. Besides 
this, we cannot suppose that their heads are eon^ 
stantly enveloped in the flames, and thej, of course, 
find fayoural^ moments for breathing; agnn, tlM 
power of sutqpending the breath is also an excelleiit 
resource, which erery fii^man o«gfat by practice to a^ 
qmre. The fireman has another difficuW to contend 
with, in the dense volumes of smoke, which prevent Ins 
breathing, blind, his sight, and consequently retard his 
exertions. To obviate this, it has been proposed to 
fondc^ a supply of air£tDm a portable reservoir ; or 
by means of a flexible tube, rising from the feet to the 
mouth, through which the fresh air would naturally 
rise, as the heated air escaped above. — Phil, Mag, 1830. 

Why does amhdou^ or German tinder, readily inflame 
from flint and steely or from the sudden condensation of 
airP 

Because it conasts of a vegetable substance found 
on old tiees, bmled in water to extract its soluble parts^ 
then dried and beat with a mallet, to loosen its tex- 
toie ; and lastly, impregnated with a solution c^nitie, 
— CTw. 

Why is a piece of paper ligktedy hy holding it in the 
eve vAtdk rvuhea oul of a common lamp-giass P 

Because of the high temperature of the eurfent of 
air above the flmne, the condensatioii of whidi is by 
the chimney of the gfaiss. 

Why does heated platinwn wife, if pkuied' roumd tke 
wick of a nnrft4ampj confthmeid give Ught eefsd AeffI, 
though without flameP 

Because cf the vapour of l^e spirit ; the heat never, 
becoming snfllcientiy intense to produce its iAflaanma- 
tion. This discovery, by Davy, ultimately gave rise 
to tfite formation of a lamp, which, containing alooho)^ 
and prepared at tike place of the wick wHh a pieeeof 
spongy platinum, or, as Dobereiner calls it, suboxide 
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of platinum, or some other fonn of that metal, gni- 
dually oonyerted the whole of the alookol into acetic 
acid. 

The lamp in this form has heen used for a night- 
lamp : it gives light enough to see the time by a watch 
held close to it ; and if more light be required, a piece 
of amadou may be carefully inflamed at it, and then 
a light procured in the usual way. Mr. Batka proposes 
to use £au de Cologne in place of conunon spirit of 
wine, and finds, that then tne fragrance diffusea is reiy 
grateful; being, in fact, occasioned by the actual 
formation of aromatic vinegar, during the whole time 
the lamp bums. 

COMBUSTION. 

Why are certain bodies combttstihleP 

Because of an intense chemical action wbicb takes 
place in them, and is connected with their electrical 
energies ; " for, all bodies which powerfully act upon 
each other, are in the opposite electrical states of posi- 
tive and negative ; and the disengagement of heat and 
Hght, (which characterizes combustion) may depend 
upon itke annihilation of those opposite states which 
happens whenever they combine." — Brande. 

Sir H. Davy has asserted, *^ that in any case com- 
bustion is merely the appearance producea, when sub- 
stances, which have perhaps still stronger attraction 
for each other than quick-Ume and water, are com- 
bining chemically, so as to become heated, at least, to 
the degree of incandescence. During the phenome- 
non, there is not, as was formerly supnosed, something 
altogether consumed and destroyed, or something 
called plogiiton escaping; the substances concerned 
are but assuming a new torm and arrangement. 

Of the substances called combustible, there are only 
a few which will begin to unite or bum at the common 
temperature of our globe, the others requiring to be at 
some higher and peculiar temperature. Thus, phos- 
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phoras begins to burn at 150^, sulphur at 550^, char- 
coal at 750<>, hjdrogen at 800^ ; it appearing, that up 
to these temperatures, the attraction of the atoms among 
themselves is sufficient to resist the other attraction, or 
that of oxygen. But when the combustion once begins, 
the temperature, from the effect of the combustion it- 
self, rises instantly, much beyond the degree necessary 
for the commencement of the process. Oxygen and 
hydrogen, which begin to bum or combine at 800^, 
produce a flame of as intense heat as human art can 
excite. — Amott. 

Why are other bodies^ as a stoney or brick j termed in- 
ccmhustibleP 

Because, when heated, they undergo no change ex- 
cept an augmentation of temperature, and when left 
to themselves, they soon cool again, and become as at 
first. But, with combustible bodies, the case is very 
different. When heated to a certain degree in the 
open air, they suddenly become much hotter of them- 
selves, and continue for a considerable time intensely 
hot, sending out a copious stream of caloric and light 
to die surrounding bodies. This emission, after a cer- 
tain period, begins to diminish, and at last ceases al- 
togemer. The combustible body has now undergone 
a G4miplete change, — ^it is converted into a substance 
possessing very differentproperties, and no longer ca- 
pable of combustion. — T%omaon, 

Again, of substances burning in air, those which 
are originally aeriform, as coal gas, or which, on being 
heated are vapourised or rendered aeriform, before 
their union vdm the oxygen of the atmosphere takes 
place, as oil or wax, assume the appearance of flame ;. 
VIZ. the aeriform particles usually invisible, are raised 
to the incandescent temperature ; but when the sub- 
stance combining with the oxygen remains solid, 
while its particles are gradually lifted away by the 
oxygen acting only at the sur£BLce of their mass, it ap- 
pears during the whole time only as a red hot stone. 

PARTV. Q 
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The latter is ibecaifee of cbarooal, eoht, Wdcb stoBe, 
coaly &c. while in the case of wood, oemnMOL eoal, &e. 
a greater or less portion of the inflammable mattet, is, 
by the heat of the eombusfeioa, oonrerted ivkf yafoiir, 
and produces the beaotiful appearance of flame. 

Men, now grown familiar with prodigies, hare al- 
most c^ued to be moved by them ; but few persoas 
can resist a feeling of wonder and adacdratMHi whea 
chemistry, in its progress of discovery, every now and 
then calls forth the hidden spirit of combustion in 
some new or less familiar ffuise ; — ^for inslance, when 
a piece oi iron wire, lighted as a taper in oxygen gas, 
bums with such resplendent brilliancy; or, when 
phosphorus, simUaily placed, throws around its ever- 
powering flood of flsuDse ; or, whea smaU portions ci 
the metal caLkd potassium, being cast upon the sur- 
hce of water, beeoibe as beads oi most intense light, 
running about there, and c^ossiiq^ as iia a merry dance ; 
-—or, lasdy, when lanes procnieed from particoiar 
sub^iwaees are seen ilsiag deep-tiiiEgBd wkh most'vivid 
and beautiful otiiaaan^'^Amait 

Why does a common fire snwke? 

Because of the va^ur of th^' water from tfemoift' 
ture of the iwA } and the cailmr^sttied hiydrogen asad 
bitaminoas substances, Ibmied durn^ eomhioslaMK hj 
theamoa of the hyc^ragen of the combostibte^ witir 
the oxygen of the atmosphese. 

Why dees adrawght sapvort ttfaee? 

Because it flows towims the fiie-^ace, to- osci^ 
the vacancy 3c^ by the air that has undicrgeiie desaa' 
position, aad whioh, in its turn, beeomes deobmpoGed 
abo. Heaee, a supply of cdorie ia lamiBiad without 
intermission, tail' the whde ciiMe emnbustilde is satu" 
rated with oxygen. — Padeee^ 

Why do not coats, wood, ^c. hemg eambmUhles^ 'take 
fire <m eaajfosime to the air? 

Because all «ttch bodies require to have' a; oeartaiit 
prenaratory tempecatuse before beginning^to oOmhiBe 
with the oxygen of the atmosphere. 
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Whf is heat mmdueed hy camhu^an.^ 

Because of uie deoompoBition of the oxygen gas of 
the atmosphere ; for, as the oxygen combines with 
the combustible body, it disengages the ealoric which 
is held when in the state of a gaseous substanee. Or, 
to speak with more precision, the aet o^ conlmstioa 
effects a real analysis of atmospheric sir ; lor while 
the oxjffen combines with the combustible, the caloric, 
in the mrm of sensible heat, is thrown off in every 
diieetion. — Parheg, 

Why do lamps with many wicksy placed near each 
otker, give much more light than the same number of 
wicks would, if placed in separate lamps P 

Because the light giyen out by a combustible body 
is in proportion to the elevation of temperature ; and 
in tms case the many wicks communicate heat to 
each other. 

Why is oxygen a powerful supporter ofcomhusiiou P 
Because it is more abundantly diffused throughout 
nature than any of the other elementary bodies; it 
forms eight-ninths of the weight of water, about one- 
fi^ of the weight of the atmosphere, and a relative 
proportion of uie earthy and minei^ bodies which 
form the solid matter of the globe. Hence* it is pre- 
sent everywhere, and ready to unite itself with any 
matter exposed to it at the necessary temperature. 

Why is oxygen gas called vital air P 

Because it is a powerful supporter of respiration. 
Thus, a small animal confined in oxygen gas, lives 
thrice as long as when confined in the same bulk of 
common air ; but we are not thence to conclude that 
it is fit for the support of life ; on the contrary, an ani- 
mal made tp breathe oxygen for any length of time, 
falls a sacrifice to excess of arterial action ; and after 
death, the blood iu the veins is found as florid as that 
in the arteries. — Brande. 

o2 
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Why it it considered that oxygen umtes with the eom- 
hustible body in the act of burning ? 

Because, if a substance be burnt in a sufficient 
quantity of oxygen gas, in a close vessel, and tbe pm- 
auct preserved, the whole will be found to be increased 
in weight exactly in proportion to the oxygen gas con- 
sumed, and the combustible body will then have 
become incombustible. — Parkes. 

Fourcroy observes, '' this view of combustion autho- 
rizes us to divide almost all the productions of nature 
into two grand classes; one ot combustible bodies, 
the other of bodies already burnt ; in the masses and 
action of the former we discern the causes of inflam- 
mable meteors, the perpetual alteration of tlie surface 
of the earth, volcanoes, &c. In the existence of the 
latter we perceive the source of the number and diver- 
sity of acids, saline compounds, oxides, and metallic 
salts, which vary in a thousand ways the appearance 
of ores, &c." 

Why is not a goblet, when pushed into water with the 
mouth downwards, filled with water P 

Because the air in the goblet resists the entrance of 
the water; and, if the goblet be inverted over a 
floating lighted taper, this will continue to float under 
it, and to bum in the contained air, however deep in 
the water it be carried, exhibiting the curious phe- 
nomenon of a light below water, and itself an emblem 
of the living inmate of a diving bell, which is merely 
a larger goblet, with a man instead of a candle. — 
Amott, 

Why is the name fuel given only to the substances 
which combine with oxygen, and not to the oxygen it- 
self? 

Because, probably, the former being solid or liquid, 
and therefore more obvious to sense, were known as 
producers of combustion long before the existence of 
the aeriform ingredient was even suspected. — Amott, 
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Why doet a candle or lamp tmoktF 

Because the heat produced by it is not sufficient to 
effect the total oombttstion of the carbon, which rises 
in its flame. — Amotu 

SPONTANEOUS COMBUSTION. 

Why are human bodies sometimes destroyed hy spon- 
teneous combueHonP 

Because of a new arrangement of the muscles, ten- 
dons, viscera, Sec. ; or new products originating item 
their'degeneration. 

Numerous instances of this mortal catastrophe are 
recorded. M. Julia de Fontenelle, in a paper lately 
read to the Aoademy of Sciences at Paris, describes 
fifteen eases, £rom the details of which the following 
general results are obtained : — 

1. Generally those who have died by spontaneous 
combustion, have indulged in excess of spirituous 
liquors. 2. The combustion is almost always general, 
but in some cases it may be partial. 3. It is rare 
amongst men ; and the women have in almost every 
case been aged. 4. The body and the viscera have 
always been burnt, whilst the feet, hands, and crown 
of the head have almost always been saved. 5. Al- 
though it is known by experience that a very large 
quantity of wood is requisite to bum a corpse, tms 
particular kind of incineration occurs without inflam- 
ing the most combustible substances of an ordinary 
lund near it. 6. It has not been shown, in any case, 
that the presence of fire is necessary to commence this 
Idnd of combustion. 7. Water, instead of extinguish- 
ing the flame, appears to give it more activity ; and 
when the flame has disappeared, the combustion pro- 
ceeds within. 8. They occur more frequently in 
winter than in summer. 9. The cure of general com- 
bostions has never been effected ; but sometimes that 
of partial ones- 10. Those seized with combustion 
experience a sensation of strong internal heat. 11. {t 

Bd 
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is suddenly developed, and consumes the body in a 
few hours. 12. Those parts not reached by the fire, 
are affected by gangrene. 13. A putrid degeneration 
ensues, which causes gangrene. 14. The residue of 
this combustion is composed of greasy cinders, and an 
unctuous matter. 

Professor Jameson observes, in substance, upon this 
interesting question : *' we are of opinion that, in some 
subjects, and chiefly in women, there exists a general 
condition of the body, which, conjoined with Uie ex- 
treme debility occasioned by age, a life of little acti- 
vity, and the abuse of spirituous liquors, may give rise 
to a spontaneous combustion. But we are far fin)m 
considering- as the material cause of this combustion, 
either alcohol, or hydrogen, or a superabundance of 
fat. If alcohol plays a prominent part in this com- 
bustion, it is by contributing to its production : that is 
to say, it produces, along with the other causes men- 
tioned, the degeneration of which we have spoken, 
which gives rise to new products of a highly combus- 
tible nature, the reaction of which determines the 
combustion of the body." 

A curious case of the combustion of both hands only, 
in which the patient recovered, is related in the Medi- 
cal Journal^ 1830. 

CHARCOAL. 

Why do rarioui vfoods afford different quantiHes of 
charcoal ? 

Because of their different durability ; those most 
abundant in charcoal and earthy matter are the most 
permanent ; while those that contain the largest por- 
tion of the gaseous elements are the most perishable. 
Among British trees, the chestnut and osik are the 
most permanent, and the chestnut affords rather more 
charcoal than the oak. 

The beams of the theatre at Herculaneum were 
converted into charcoal by the lava which overflowed 
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that city ; and during the lapse of seyenteen hundred 
years the charcoal has remained as entire as if it had 
been formed but yesterday; and it will probably con- 
tinue so to the end of the world. The incorruptibility 
of charcoal was known in the most ancient times : the 
famous temple at Ephesus was built upon wooden 
piles, which have been charred on the outside, to pre- 
serve them. — Wat8on^8 Chemical Essays. 

A new process for manufacturing charcoal, is to fill 
all the interstices in the heap of wood to be charred, 
with powdered charcoal ; the product is equal in qual- 
ity. The effect is produced by preventing much of the 
access of air which occurs in die ordinary method. The 
volume of charcoal is increased a tenth, and its weight 
a tenth. — BulUtin Universel, 1830. 

Professor Silliman, in his Journal, (1830) says, that 
in the United States, wood is charred in brick-kilns, 
Viith openings at the top and sides, under regulation ; 
and the charcoal thus obtained is exceedingly good, 
and more abundant than by the old mode of burning. 

Wood has also been charred at low temperatures. 
Thus, on making extracts, in wooden vessels, with 
steam of very moderate pressure, all the apparent 
effects of burning may be produced ; but the carboni- 
zation of the wood is not so complete as by flame. 
This fact is practically illustrated in the Philosophical 
Maaaziney 1830. 

The application of charcoal to various purposes of 
domestic economy has been already noticed in Part I 
of the present work.* 

Why does heated charcoal produce CfnnbusHon F 

Because the mutual cohesion of its particles is so 

wcHftkened, that is, the particles are so repelled and 

separated from each other, that their attraction for the 

oxygen in the air around is allowed to operate, and 

. — • — — — — :- 4»— 

See DomsTic SciiMGi, p.6. 
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tfaej comliiiio with tkat oxygen, so as to produce l]ie 
aJ>ov9 phenomenon. 

Why does charcoal inercage in weight on exposure to 
the air after burning ? 

Because it is a very hygrometric substance, and 
therefore absorbs air and moisture in considerable 
quantity.— JSmnde. 

Why do sailors at sea throw pieces of burnt biscuit in 
bad water P 

Because it serves as charcoal in destroying the 
putrid flavour of the water, and rendering it compa- 
ratively fresh. 

Why does fresh charred wood^ or chareotUy tn^irote 
the flavour of spirits ? 

Because it destroys the essential oil, or empyieu- 
matic flavour which the spirit may have contracted in 
distillation* 

GUNPOWDER. 

Why do mimed nitre^ sulphur^ and eharooal, or gun- 
powder, explode with heat; tehereasy while cold, they 
may be mutoed together most intimately without any 
change ? 

Because, by the change of temperature, and the 
consequently altered relative attractions of the differ- 
ent substances, a new chemical arrangement ei them 
takes place with the intense combustion and expansion 
which constitute the explosion. 

The proportions of the ingredients of gunpowder 
vary. The following are those usually employed — 

Comm<m Shooting Shooting Miners' 

Powder. Powder. Powder. Powder. 
Saltpetre 76.0 78 76 65 

Chweoal lS.d IS 16 15 

Snlpfanr 13.5 10. 9 90 

The latter contains the smallest quantity of saltpetre, 
as it requires less quickness or strength. The ingre- 
dients are perfectly mixed, moistened, beaten into a 
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cake, whicli is afterwards broken up, granulated, dried, 
and for the finest powder, polished by attrition. — 
Brande. 

Why is iron excluded from powder works ? 

Because it is liable to cause sparks by a blow. BnuEs 
attd copper haye been recommended in its place ; but 
Col. Aubert has remarked that brass can inflame pow- 
der, and has made experiments on the subject before a 
committee, the result of which is as follows : — Inflam- 
iftation of the powder takes place when the blow is 
given by iron against iron ; iron against brass ; brass 
against brass ; iron against marble ; lead against lead, 
or against wood, when the blow is produced by a 
leaden ball shot from a fire-arm. As yet, powder has 
not been inflamed by the blow of an iron hammer 
i^;ainst lead or wood. — Bvlletin UniverseL 

. Why is steam likely to supersede gunpowder in the 
discharge of artillery? 

Because the elastic force of high-pressure steam 
having much greater range than that of gunpowder, 
is infinitely better calculated for prqiectOes, inde- 
pendently of any saving of expence. It is estimated 
by Mr. Ferkins, that the projectile force of steam is 
ten times greater than that of gunpowder, in throwing 
a ball to a given distance. 

Why do *^ Pr&metheans'^ suddenly inflame on 
pressure? 

Because they consist of small glass bulbs, filled with 
concentrated sulphuric acid, hermetically sealed, and 
surrounded with a mixture of inflammable materials, 
amongst which the chlorate of potash forms one ; and 
the whole being afl;ain inclosed or surrounded with 
paper, also rendered still more inflammable by means 
of resinous matters. Upon pinching the end containing 
the glass bulb, between the jaws of a pair of pliers^ 
the bulb breaks, and the sulphuric acid instantly 
kindles the surrounding materials. 
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VOLCANIC FIRE. 

Why are volcanoes produced F 

Because, accordinff to the most lecentlj observed 
phenomena, they '* depend upon the oxida^on of the 
metals of the earths upon an extensive scale, in im- 
mense subterranean cavities, to which water or at- 
mospheric air may occajsionally hai^e access. The 
subterranean thunder heard at great distances under 
Vesuvius, prior to an eruption, indicates the vast ex- 
tent of these cavities ; and the ftzistence of a subter- 
ranean communication between the Solfatarra 'and 
Vesuvius, is established by the fact that whenever the 
latter is an active state, the former is conaparatively 
tranquil. In confirmation of these views, the author 
remaJ^, that almost all the volcanoes of considerable 
magnitude in the old world, are in the vicinity of the 
«ea ; and in those where the sea is more distant, as in 
the volcanoes of South America, the water mav be 
supplied from great subterranean lajces ; for Humboldt s 
states that s(»ne of them throw up quantities of fish." 

The phenomena observed by tfie author afford > 
Sufficient refutation of all the ancient hypotheses, in 
which volcanic fies werej ascribed to such chemical 
causes as the combustion of mineral coal, or the ac- 
tion of sulphur upon iron ; and are perfecdy consistent 
The author acknowledges, however, that the hypo- 
thesis of the nucleus of the globe being coinpofled oi 
Blatter liquified by heat, offers a stiU more sfample so- 
lution of the pheomnena of volcanie fixes. — Svt H. 
Pavy^ PhiloMphieal Trantactumi, 

On these phenomena, Banm Humboldt says, ''Ob- 
servations made in all countries, in mines and cav<s, 
prove that, even at a small depth, the earth's hqat is 
much superic^E to the temperature of the sunounding 
atmosphere. ^ A fact so remarkable, and elicited. fioiA 
observations made in almost every part of the globe. 
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connects itsell-withi wliat we leam of tke phenoniena 
of Toloanocs. La Place lias even atten^pted to 4e<er- 
mine the depth at which the earth may he cofiddevM 
as a melted mass. Whatever doubts may he eflMr- 
tained, notwithstanding the respect due to so g>«at a 
name, as to the numerical accuracy of such a calen- 
lation, it is not the less i^obahle, that all vokanic phe- 
nomena arise from 9. single cause, which is the qokH* 
munication const^mt or interrupted, that exists h^*w$efi 
the interior of oorplanet and tW external al^iQSphieie^ 
Elastic vapours, by their nressnre, zaise iiaw^ deep 
crevices we suhstafices which are ia a state pf ln^o«r» 
and whict are oxidized. "Volcanoes are, so to speak, 
intermittetit springs of earthy matters. The fluid nwx- 
tiires of nietfiis, alkalies and earths, which condense 
into currents of lava, flow gently and slowly, when, on 
being raised up, they once find an issue. 

TF^y does vxUer appearnecesaary topreduee toUamie 

fire? 

» Because the most active volcanoes are in the imme- 
diate vicinity of the sea; some are actually beneath 
the sea ; and only extinct volcanoes are found far in- 
land. -« 

Why are earthquakes and volcanoes supposed to he of 

the same origin P , . 1 . 

Because of the frequency of eaxthquajLes m volcanic 
countries; and when they oQpiv.in non-volcanic coun- 
tries remote from volcanic fires, or their occurtfence, 
the coincidence of distant volcanic eruptions. It is a 
remarkable circumstajace, also, that the shocks of 
earthquakes are Inost severe in non-volcanic countnes, 
such as lisbon and the Caraccas.— iVbte* in Sctenee, 

Why do hot springs occur in the very vicinity of all 
acUvMfolcaiwesr , . ^ 

Because, probably, such waters owe their tetnpenu 
ture to their passage through channels heated .by vol- 
canic fire. — Berzelius. * , '■ 
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Wkjf do volcanoes throw out pumice stoned 
Because the liglit-ooloured, or whitish porous lavas, 

becoming fibrous, pass into the above light spongy 

stone. 

Why is pumice Hone sometimes seen floating on the 
sea? 

Because it is produced by submarine volcanoes, 
that break out at such vast depths under theocean, 
that none of their products reach the surface, except 
such as are lighter than water. Pumice has been 
seen floating upon the sea over a space of three hun- 
dred miles, at a great distance from any volcano. 

Why is puzzolano used for building in water F 
Because, when mixed with lime, it speedily fixes 
itself, and ihe water does not soften it, for it becomes 
continually harder and harder. The lime found 
abundantly at Dorking, in Surrey, has a similar pro- 
perty of hardening under water. 



END OF PART V. 
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THE DIAMOND. 

Why is carbon knoum hy the names of diamond and 
charcoal P 

Because the two latter substances, although so dif- 
ferent, and almost opposite, in physical characters, are, 
according to unexceptionable experiments, almost che- 
mically uie same. 

That diamond is simple carbon, is shown by the 
following experiment. M. Morveau exposed a dia- 
mond to intense heat, shut up in a small cavity in a 
piece of tough iron. When ne opened the cavity, he 
found the diamond entirely gone, and the iron around 
it converted into steel. Tnis shows that it is pure car- 
bon, which combines with iron to form steel, and not 
charcoal, which is generally an oxide of carbon. The 
peculiar hardness of steel is to be ascribed to its union 
with a portion of pure carbon, or diamond. It is no 
uncommon ^hing for jewellers to expose such diamonds 
as are foul, to a strong heat, imbedded in charcoal, to 
render them clear ; but, in this process, great care is 
taken to have a sufficient quantity of charcoal, to ex- 
clude the atmospheric air : otherwise, the intense heat 
would produce combustion. — Parhes, 

H 2 
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Why U charcoal more infiammable than the diamond ? 

Because of the looseness of its texture j and the 
hydrogen it contains. The latter is indeed the only 
chemical difference perceptible between diamond and 
the purest charcoal : but Dr. Ure asks, '* can a quan- 
tity of an element, (hydrogen) less, in some cases, than 
1 -50,000th part of the weight of ihe substance, occa- 
sion so great a difference in physical and chemical 
characters P" In the Philosophical Transactions for 
1797, is related Mr. Smithson Tennant*s process for 
proving the identity of these two substances : he says, 
*' It will appear, from experiments, that the diamond 
consists entirely of charcoal, differing from the usual 
state of that substance only by its crystallized form," — 
and Dr. Ure thinks this opinion to be correct. 

The identity of charcoal and diamond is further il- 
lustrated in the following experiment. Sir Humphry 
Davy exposed charcoal to intense ignition, in vactw, 
and m condensed azote, by means of Mr. Children's 
magnificent battery, when it slowly volatilized, and 
gave out a little hydrogen. The remaining was always 
much harder than before, and in one case, so hard as 
to scratch glass, while its lustre was increased. This 
fine experiment may be regarded as a near approach 
to the production of diamond; and we believe that si- 
milar experiments of French chemists have been equally 
•successful. 

Why did Newton infer that the diamond was inflam- 
mable r 

Because of the circumstance, that inflammable sub- 
stances refract light in a greater ratio than that of their 
densities. We readily acquiesce in Mr. Parkes's note: 
'* It is wonderful that Newton, who had no chemical 
means of examining the diamond, should have con- 
ceived the idea of its inflammable nature." 

It is not evident to whom the combustibility of the 
diamond first occurred ; but, in the year 1694, the 
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Florentine Academicians proved its destractibility by 
heat, by means of a burning lens. The products of its 
combustion were first examined by Lavoisier, in 1772, 
and subsequently, with more precision, by Guyton 
Morveau, in 1785. Mr. Tennant's experiments, just 
referred to, demonstrated the important fact, that when 
equal weights of diamond and pure charcoal were sub- 
mitted to the action of red-hot nitre, the results, in boUi 
cases, were the same ; and, in 1807, the combustion of 
the diamond in pure oxygen, was found by Messrs. 
Allen and Pepys, to be attended with precisely the 
same results as the combustion of pure charcoal. Hence, 
observes Brande, the inevitable inference, that charcoal 
and the diamond are similar substances in their che- 
mical nature, differing only in mechanical texture. 

The combustion of the diamond may be most con- 
veniently and perfectly effected, by placing it upon a 
platinum capsule, in a jar of pure oxygen, inverted 
over mercury, and throwing upon it the focus of a burn- 
ing lens. Sir Humphry Davy, when at Florence, in 
1814, (Phil, Trans.) used for this purpose the same 
lens which was employed in the first trials on the action 
of solar heat on the diamond, instituted by Cosmo III, 
Grand Duke of Tuscany : he found, that when strongly 
ignited by the lens in a thin capsule of platinum, per- 
forated with many orifices, so as to admit a free circu- 
lation of air, the diamond continued to bum in the 
oxygen, after being withdrawn from the focus, with so 
brilUant a light as to be visible in the brightest sun- 
shine, and with very intense heat. The results of these 
experiments demonstrate, that diamond affords no 
other substance by its combustion than pure carbonic 
acid gas ; and that the process is merely a solution of 
diamond in oxygen, without any change in the volume 
of the gas. It likewise appears, that, in the combus- 
tion of the different kinds of charcoal, water is pro- 
duced ; and that, from the diminution of the volume 
of die oxygen, there is every reason to believe, that the 
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water is formed by the combustion of the hydrogen ex- 
isting in strongly ignited charcoal. 

Why is pare carbon^ or diamond^ so scarce, whUe its 
compounds, in different states, are so abundantly dis- 
persed P 

Because, (observes an eminent chemist*) '* the won- 
der consists only in the opposition between facts and 
our opinions ; it disappears in proportion as we discover 
and appropriate the powers oi nature to produce the 
same effects. To dispel the astonishment of those who 
might consider this a ground of distrust, I shall remind 
them that aluminous earth is likewise one of the com- 
monest substances, though the adamantine spar, no 
less rare than the diamond, is nevertheless alumina ; 
that iron exists every where, under every form, except 
in the state of purity ; and that the existence of native 
iron is still doubtful." Since the preceding observations 
were written, native iron is stated to have been found 
in Canaan, in the United States of America. 

Diamonds are usually found in an ochreous, yellow 
earth, under rocks of grit-stone ; they are likewise found 
detached, in torrents, which have carried them from 
their beds. They have no brilliancy when dug out of 
the earth, but are covered with an earthy crust. The 
diamond was first discovered in Asia, in the provinces 
of Golconda and Yisapour, in Bengal, and in me island 
of Borneo. About the year 1720, diamonds were first 
found in Brazil ; and a minute account of their dis- 
covery will be found in a volume of travels in that 
country, by the late Mr. Mawe, one of the most distin- 
guished mineralogists of his time. 

The primitive form of the diamond is the regular 
octoedron, each triangular facet of which is sometimes 
replaced by six secondary triangles, bounded by curved 
lines ; so that the crystal becomes spheroidal, and pre- 
sents forty-eight facets. Diamonds with twelve and 
twenty- four facets, are not uncommon. 

* Dr.Johnllioinson, notes on Fourcroy. 
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Why was it supposed that the diamond might contain 
oxygen P 

Because of its high refractive power. Such was 
the idea of MM. Biot and Arrago. According to 
Biot, if the elements of which a substance is composed, 
be known, their proportions may be calculated with 
the greatest accuracy, from their refractive powers. 
Thus, he £nds that the diamond cannot be pure car- 
bon, but requires, at least, one fourth of hydrogen, 
which has the greatest refractive power of any sub- 
stance, to make its refraction commensurate to its den* 
sity. Sir Humphry Davy, from the action of potassium 
on it, and its non-conduction of electricity, suggested, 
in his third Bakerian lecture, that a minute portion of 
oxygen might exist in it ; and he threw out the idea, 
that it might be the carbonaceous principle, combined 
with some new, light, and subtle element, of the oxy- 
genous and chlorine class. — Ure, 

Why has the diamond so great lustre ^ 

Because it reflects all the light falling on its poste- 
rior surface at an angle of incidence gi'eater than 
2i^ 13'. Artificial gems reflect half of this light. 

The base of all artificial stones is a paste composed 
of silex, potash, borax, oxide of lead, and sometimes 
arsenic. The best silex is obtained from rock crystal, 
and the next best from white sand, or flint. 

Why are diamonds used for the lenses of microscopes? 

Because they show us the real object, without any 
sensible aberration, like that produced by glass lenses. 
This arises from the enormous refractive power pos- 
sessed by. the diamond, and the consequent increase of 
amplification, with very shallow curves. Again, the 
refraction of diamond is nearly three times that of 
glass ; hence, in equal refractions, its dispersion will 
be only one-third of the latter. 

We have elsewhere* noticed the cutting properties of 

* Se^ Part X. Arts and Mam^factures, p. 62. 
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the diamond. Dr. Wollaston, in the Pkilosopkical 
Transactions^ has clearly shown that it is only in the 
natural state that diamond can be depended upon to 
cut or divide panes of glass ; and even then, a parti- 
cular crystallization is absolutely necessary. The dia- 
mond has also been employed in ornamenting steel. 
Thus, Mr. John Barton, of the Royal Mint, has pro- 
duced the most beautiful display of prismatic colours, 
by divisions, 2000 iu an inch, the lines being made 
with a natural diamond. It would be impossible to 
convey the smallest idea of the exquisite beauty and 
play of colours that are produced by these means. 

Why is the sapphire tised for the lenses of micro- 
scopes P 

Because, after the diamond, it possesses a stronger 
refraction than any other substance, capable of giving 
a single image, while its dispersive power is very low. 
The faint blue tinge of the sapphire is not felt in thin 
small lenses formed of this substance, which thus comes 
next in order to diamond ones, and forms an excellent 
substitute for the use of those persons unable to afford 
the expense of the latter. 

Why is the value of a brilliant-cut diamond esteemed 
eqtial to that of a similar rough diamond of twice the 
weighty exclusive of the cost of toorkmanship P 

Because, by cutting and polishing, but especially 
by the former, so much is taken away, that the weight 
of the polished gem does not exceed half that of the 
rough stone. The art of Cutting and polishing dia- 
monds, though probably of remote antiquity in Asia, 
was first introduced into Europe by Louis Berghen, of 
Bruges, who accidentally discovered, that, by rubbing 
two diamonds together, a new facet was produced. 

The weight, and therefore, the value, of diamonds, 
is estimated in carats, 150 of which are about equal to 
1 oz. troy, or 480 grs. They are divided into halves, 
quarters, or carat grains, eighth, sixteenth, and thirty- 
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second parts. The difference of yalue between one 

diamond and another, is, generally speaking, as the 

squares of their respective weights : thus, the value of 

three diamonds, of one, two, and three carats' weight, 

respectively, is as one, four, and nine. The average 

price of rough diamonds is estimated at 2/. per carat ; 

and consequently, when wrought, the cost of the first 

carat, exclusive of workmanship, will be 8/., which is 

the value of a rough diamond of two carats. 

£ 

A wrought diamond of 3 carats is worth 72 

4 196 

5 900 

10 800 

20 3,200 

30 . 7;aoo 

40 12,800 

50 90,000 

: 60 28,800 

100 80,000 



This mode of valuation, however, only applies to 
small diamonds, in consequence of the difficulty of 
finding purchasers for the larger ones. 

Why are diamonds called male and female P 
Because a hard and soft stone are often united in the 

same gem ; the hard stone being called by diamond 

cutters a he, and the soft one, a she. 

Why is a diamond said to be of the first water P 
Because it is perfectly transparent and pure. The 
snow-white diamond is most highly prized by the jew- 
eller. Diamonds have, however, been found nearly of 
all colours : next to the colomless, in esteem, are those 
of a decided red, blue, or green tint. Black diamonds 
are extremely rare ; those which are slightly brown, or 
tinged only with oiher colours, are least valuable. 

The largest known diamond is probably that men- 
tioned by Tavemier, in the possession of the Great 
Mogul. Its size is about that of half a hen's egg ; 
is cut in the rose form, and when rough, is said to have 
weighed 900 carats. It was found in Golconda, about 
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the year 1650. Among the crown jewels of Russia is 
a magnificent diamond, weighing 195 carats. It is the 
size of a small pigeon's egg, and was formerly the eye 
of a Brahminical idol, whence it was purloined by a 
French soldier ; it passed through several hands, and 
was ultimately purchased by the Empress Catherine, 
for the sum of Jb90,000 in ready money, and an annu- 
ity of j£4000. Perhaps the most perfect and beautiful 
diamond hitherto found, is a brilliant brought from In- 
dia by an English gentleman, uamed Pitt, who sold it 
to the Regent Duke of Orleans, by whom it was placed 
among the crown jewels of France. It weighs rather 
more than 136 carats, and was purchased for JC 100,000. 
— Brande. 

Diamonds, equal to those of Brazil, have also been 
recently found in the Ural chain of mountains in 
Russia. 

PROPBRTIES OF CARBON. 

Why is carbon so important in the vegetable kingdom P 
Because it is not only a component part, but it forms 
nearly the whole of the solid basis of all vegetables ;• 
and their infinite varieties may be attributed to the 
different modifications of carbon, as well as of the other 
principles which enter into their constitution. 

Why are so many products of vegetation indebted to 
carbon for their produce ? 

Because carbon not only constitutes the base of the 
woody fibre, but is a component pai't of sugar, and of 
all kinds of wax, oils, gums, and resins ; and of these 
again how infinite is the variety. — Parhes, 

Why is carbon also important in the animal kingdom? 

Because it enters into the composition of animal 
milk, and of animal oils and fat ; it is also found in 
albumen, gelatine, fibrina, and in many of the auimal 
secretions. 

Why is carbonic acid gas so called? 

Because it consists of carbon, which has so great an 



POPULAR CHEMISTRY. 83 

affinity to oxyg;en, that when assisted hy heat, it will 
take it from both substances with which it may be 
combined ; and in certain proportions, they form car- 
bonic acid gas. The composition of carbonic acid has 
been proved by analysis, as it has been actually decom- 
posed, and the charcoal or carbon exhibited entire. 

Why w€Ls carbonic acid also called fixed air ? 

Because it was so intimately combined in chalk, 
lime-stone, magnesia, &c. It is to Dr. Black we owe 
the discovery of carbonic acid gas. Mr. Keir was the 
first who suspected it to be an acid ; and Dr. Priestley 
afterwards announced that a portion of it was always 
found in atmospheric air. 

Again, it is probably decomposed by the organs of 
plants, its base furnishing part, at least, of the carbon 
that is so abundant in the vegetable kingdom, and its 
oxygen contributing to replenish the atmosphere with 
that necessary support of life, which is continually di- 
minished by the respiration of animals, and other 
cause. 

Saussure found carbonic acid in air from the sum- 
mit of Mont Blanc; and Humboldt discovered it in 
air brought from a height of many thousand feet, to 
which he had ascended in a balloon. Its production 
in the lungs is easily shown, by blowing the expired 
air through lime-water, by means of a small tube : it 
becomes milky, and soon deposits carbonate of lime. 

During the past year, likewise Saussure has com- 
municated to ue Physical and Natural History So- 
ciety of Geneva, some interesting experiments, to de- 
termine the variations of carbonic acid in the atmo- 
sphere. He found, that, near Geneva, 16 metres above 
the level of the lake, 10,000 volumes of air contained 
4.15 of carbonic acid, as the mean of 104 experiments, 
made day and night, and at all seasons of the year ; 
the air being taken four feet above the ground. An 
increased quantity of rain appeared to diminish that 



84 KNOWLEDOB FOR THE PEOPLE. 

of the carbonic acid, either by dissolving it, or causing 
the soil to do so. It was found, that during the night, 
the quantity of carbonic acid was greater than that of 
the day, in the proportion of 4.32 to 3.98 ; but if the 
wind were strong, then scarcely any difference occurred. 
The greater quantity of carbonic acid occurring in die 
night, is attributed to the want of decomposition, which 
arises from vegetation during the day ; a result which 
favours the explanation of the above question. A short 
frost, which does not penetrate the earth to more than 
an inch, does not appear to cause any variation in the 
quantity of carbonic acid ; but when the frost continues 
long, the dryness which it occasions, increases the pro- 
portion. It was also found, that the quantity of car- 
bonic acid is greater during the day in a city than in 
the country, that the variations occasioned by the sea- 
sons are analogous, and that the quantity of carbonic 
acid increases more by the influence of night in the 
country than in the town. The air of the plains con- 
tains more carbonic acid than that of the mountains ; 
which difference is explained by considering that the 
decomposition of the acid occurs principally where ve- 
getation is most abundant, as it is in the plains, and 
that the gas is absorbed by the earth there, because it 
contains more rain water. — Abridged from La BibUo- 
thSque Universelle, 

Why is a blue flame so often seen upon the surface of 
a charcoal fire P 

Because the combustion of the carbonic oxide is 
formed in this way : the air entering at bottom, forms 
carbonic acid, which, passing through the red-hot char- 
coal, becomes converted into carbonic oxide. Hence 
arises the danger of burning charcoal in ill ventilated 
chambers. 

Why is carbonic acid frequently found at the bottom 
of mines, wells, SpcF 

Because it is mach heavier than atmospheric air. 
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Workmen ought never to venture into such places 
T^ithout previously letting down a lighted candle. If 
the candle bums, they may enter safely; if not, quick- 
lime should be let down in buckets, and graaually 
sprinkled with water. As the lime slacks, it will ab- 
sorb the carbonic acid gas, and the workmen may af- 
terwards descend in safety. — Parkes, 

Tn these cases, the carbonic acid issues from crevices 
in the earth, and is produced by unknown sources. 
Similar accidents happen to persons incautiously de- 
scending into brewers' vats, before they have been pu- 
rified from this gas. We were told of three or four 
such cases at the brew-house of Messrs. Barclay and 
Perkins, as we were walking over their stupendous 
store-vats a few years since. 

The noxious properties of carbonic acid, or choke- 
damp, in mines, have already been noticed in connexion 
with the Safety Lamp. (See p, 54, et seq.) 

Why do persons experience difficulty of breatkinyy 
giddinesSy and faintness, in crowded and illuminated 
roomsj which are ill-ventilated P 

Because of the excess of carbonic acid which is al- 
ways produced by the respiration of animals. In like 
manner, some manufactories are very unhealthy ; as 
all common combustibles, such as coal, wood, oil, wax, 
tallow, &c. contain carbon as one of their component 
parts ; so the combustion of these bodies is always at- 
tended by the production of carbonic acid. It is not, 
therefore, surprising, that carbonic acid should be al- 
ways present in the atmosphere. Indeed, the great 
wonder is, considering the abundance of its sources, 
that it does not accumulate to an injurious degree, 
as it certainly would, without one of those admirable 
and providential compensations which perpetually 
strike us among the laws of nature; by which it is 
provided, that the process of vegetation should remove 
the contamination produced by the animal part. 

PART XII. I 
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Carbonic oxide, when respired, is fatal to animal 
life. Sir Humphry Davy toolc three inspirations of it 
mixed with about one-fourth of common air; the effect 
was a temporary loss of sensation, which was succeeded 
by giddiness, sickness, acute pains in different parts of 
the body, and extreme debility. Some days elapsed 
before he entirely recovered. Since then, Mr. Witter 
of Dublin was struck down in an apoplectic condition 
by breathing this gas ; but he was speedily restored by 
the inhalation of oxygen. 

Why have workmen often lost their lives by sleeping 
too near lime-kilns P 

Because carbonip acid gas is extricated from the 
kilns in great abundance. 

This brings to our recollection an incident, which 
occurred a few years back at a lime-kiln adjoining the 
old Bristol road, and manifests how perfectly insensible 
the human frame may be to pain in peculiar circum- 
stances. It is related by Mr. Leonard Knapp, in his 
interesting Journal of a Naturalist, and though not 
exclusively illustrative of the above question, we are 
induced to quote his narrative : — ^"A travelling man 
one winter's evening laid himself down upon the plat- 
form of a lime-kiln, placing his feet, probably numbed 
with cold, on the heap of stones newly put on to bum 
through the night. Sleep overcame aim in this situa- 
tion ; the fire gradually rising and increasing, until it 
ignited the stones upon which his feet were placed. 
Lulled by the warmm, he still slept; and though ihe 
fire increased until it burned one foot, (which probably 
was extended over a vent-hole) and part of the leg, 
above the ancle, entirely off, consuming that part so 
effectually, that no fragment of it was ever discovered 
— ^the wretched man slept on ! and in this state was 
found by the kiln-man in the morning. Insensible to 
any pain, and ignorant of his misfortune, he attempt^ 
to rise and pursue his journey, but missing his snoe, 
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requested to have it found ; and wlien he was raised, 
putting his burnt limb to the ground to support his 
body, me extremity of his leg-bone,, the tibia, crumbled 
into fragments, having been calcined into lime. Still 
he expressed no sense of pain, and probably experi- 
enced none, from the gradual operation of the fire, 
and his own torpidity during the hours that his foot 
was consuming. This poor drover survived his mis- 
fortunes in the hospital about a fortnight ; but the fire 
having extended'to other parts of his body, recovery 
was hopeless." 

Why are dogs killed hy entering the ^Grotto del canOy 
in Italy y while man enters with safety P 

Because the floor of the grotto is lower than the 
door, and this hollow is always filled with fixed air, 
which can rise no higher than the threshold, but there 
flows out like water. It has been a common practice 
to drive dogs into this cavern, where they sufier a tem- 
porary death for the entertainment of the passengers ; 
but a man walks in with safety, because his mouth is 
far above the surface of this deleterious air. The lake 
of Avemo, which Virgil poetically describes as the en- 
trance to the infernal regions, evolves so lai'ge a quan- 
tity of this gas, that bir(&, flying over it, drop with suf- 
focation. — Parkes, 

Why does carbonic acid gas fill the apparently empty 
ipace, or upper part of the vessels^ in which vinous fer- 
mentation is going on P 

Because of the g^eat weight of the gas, which pre- 
vents its ascent. Dr. Ure observes, "a vat-i^ty of strik- 
ing experiments may be made in this stratum of elastic 
fluid. Lighted paper, or a candle dipped into it, is 
immediately extinguished ; and the smoke remaining 
in the carbonic acid gas, renders its surface visible, 
which may be thrown into waves by agitation, like 
water. If a dish of water be immersed in this gas, and 
briskly agitated, it soon becomes impregnated, and ob- 

i2 
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tiuns the pungent taste of Pyrmont water. In conse- 
quence of the weight of the carbonic acid gas, it may 
be lifted out in a pitcher, or bottle, which, if well 
corked, may be used to convey it to great distances ; 
or it maybe drawn out of a vessel by a cock, like a 
liquid. The efifects produced by pouring this invisible 
fluid from one vessel to another, have a veiy singular 
appearance : if a candle or small animal be placed in 
a deep vessel, the former becomes extinct, and the lat^ 
ter expires, in a few seconds after the tarbonic acid gas 
is poured upon them, though the eye is incapable of 
distinguishing any thing that is poured. If, however, 
it be poured into a ressel full of air, in the sun-shine, 
its density being so much greater than that of the air, 
renders it slightly visible, by the undulations and 
streaks it forms in the fluid, as it descends through it." 

Carbonic acid has a peculiar, sharp taste, which may 
readily be perceived over the vats in which wine or 
beer is fermenting, as also in sparkling Champagne, 
and the brisker kinds of cider, it consists in 100 parts, 
of oxygen 72.72, the other 27.28 being pure carbon. 
It not only destroys life, but the heart and muscles of 
animals killed by it, lose all their irritability, so as to 
be insensible to me stimulus of galvanism. 

Butterflies and other insects, of which it is desired 
to preserve the colours unimpaired, may sometimes be 
conveniently suffocated by this gas. 

Why has soda water a brisk, sliarp taste /^ 
Because it is water, which, by aitificial pressure with 
forcing pumps, has been made to absorb two or three 
times its bulk of carbonic ftcid, according to its sharp- 
ness. When there is added a little potash or soda, it 
becomes aerated or carbonated alkaline water: — "a 
pleasant beverage," observes Dr. Ure, " and a not in- 
active remedy in several complaints, particularly dys- 
pepsia, hiccup, and disorders of the kidney." The ef- 
fervescent quality of many mineral waters is referable 
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to the presence of this gas, and they are often imitated 
by condfflising carbonic acid into water, either by a 
condensing pump, or by a Nooth's apparatus, consist- 
ing of three vessels connected, which the observant 
reader may have noticed in the shops of chemists. We 
haYc already mentioned the water of Pyrmont : Spa 
and Seltzer are also instances : the last particularly, is 
highly impregnated with this acid. These waters are 
so pleasant and salutary, that various imitations of 
them, made in this country, are sold under the names 
of single and double soda water. They are manufac- 
tured by several houses in London, equal in every re- 
spect to the natural waters imported from the continent. 
Seltzer water is, we know, frequently introduced at the 
dinner tables of the wealthy, in tall stone bottles, simi- 
lar to those used for beer in France and the Nether- 
lands, and formerly used for spruce-beer in this country. 

The strength of soda water, or the quantity of car- 
bonic acid gas which it contains, is not, however, its 
main excellence ; it should also contain soda. We know 
a patentee of soda water who nearly lost his life by ex- 
perimenting upon the strength of his apparatus, which 
once burst wiUi tremendous violence ; the copper of 
the vessel, though of considerable thickness, was riven 
or torn asunder : he showed one of its fragments to Sir 
Humphry Davy, who requested it for his laboratory. 

Carbonic acid gas may be rendered liquid by great 
pressure, and Mr. Brunei has endeavoured to apply 
this liquid as a mechanical agent for the production of 
motive power. 

Why are carbonates so called P 

Because they are combinations of carbonic acid with 
the alkalies, metallic-oxides, in earths, and in stones ; 
particularly in chalk, limestone, and marble. Thus, a 
cubic inch of marble contains as much carbonic acid 
in combination, as would fill a four-gallon vessel when 
in the state of gas. — Parkes. 

i3 
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Why is plumbago improperly called black lead P 
Because it consists of iron, and a certain proportion 
of carbon ; and thus, there is no lead in its composi- 
tion. Many other instances might be adduced, in 
vhich the names of substances have given false ideas 
of their nature and properties. Thus, white and green 
copperas contain no copper, but are formed, the one 
with zinc, the other witii iron. 

Why is plumbago much used for making crucibles 
and portable furnaces P 

Because, like charcoal, it is indestructible by heat, 
unless with the presence of atmospheric air. It pro- 
tects iron from rust, and is on that account rubbed on 
various ornamental cast-iron works, such as the fronts 
of grates, Sec. 

Why is cast-iron submitted to a long intense heat, to 
be converted into wrought iron P 

Because by this means the carbon bums, and, unit- 
ing with the oxygen, both go ofif in the state of car- 
bonic acid gas. 

Why do pit-coals vary in quality P 

Because of the different proportions of carbon and 
bitumen which they contain ; but carbon is the chief 
ingredient in all. 

Why are some coals called slaty P 

Because they hold also from 10 to 40 per cent, of 
earth ; and some coals likewise contain a considerable 
quantity of sulphuret of iron, known by the name of 
martial pyrites. 

There are four species of coal very distinct from each 
other : viz. the graphite of Werner, or plumbago ; the 
anthracolite ; the jet, or pitch coal ; and the common 
coal. One hundred parts of plumbago contain, accord- 
ing to Berthollet, about 90 per cent of charcoal, and 
10 of iron. Anthracolite, or anthracite, is distinguished 
from other coal by burning without flame, and is some- 
limes called stone coal : it is composed of 64 carbor. 
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dd silica, and 3 parts of Iidd. Jet occurs in Scotland, 
at Whitby, in Yorkshire, in Bavaria, and in France, 
near the Pyrenees. It is composed of 76 parts char- 
coal, 22 parts bitumen, and two parts earth. Common 
coal is composed of bitumen and charcoal, and varies 
according to the places where it is procured. 

OXYGEN. 

Why is oxygen so called? 

Because it enters into the composition of a large ma- 
jority of the acids, (from two Greek words, signifying 
the formation of .acids) and was formerly supposed to 
be the general acidifying principle. 

Sir Humphry Davy appositely observes, that the 
great chemical agent, oxygen, is at once necessary in 
all the processes of life, and all those of decay, in which 
nature, as it were, takes again to herself those instru- 
ments, organs, and powers, which had for a while been 
borrowed, and employed for the purpose or the wants 
of the living principle. 

Growing vegetables, exposed to the solar light, give 
out oxygen gas ; as do leaves laid on water in similar 
situations, the green matter, that forms in water, and 
some other substances. 

Why is lead, exposed to a strong heat^ and free access 
of air, converted into a bright red substance, known as 
miniuniy or red lead ? 

Because the lead gives out the oxygen which it had 
previously attracted from the air at a lower tempera- 
ture. The red precipitate of the druggists is similarly 
produced from quick-silver, which, in the operation, 
increases its weight about 8 per cent. 

Oxygen gas may be obtained in its greatest purity 
from the salt called chlorate of potassa. After the dis- 
covery of this gas, it was adopted by Lavoisier as the 
universal supporter of combustion. The basis of the 
gas was supposed to unite to the combustible, and the 
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beat and light wMcli it before contaiDedintbe gaseous 
state, were said to be evolved in the form of flame. 
But in this case several requisites are not fulfilled ; the 
light depends upon the combustible, and not upon the 
quantity of oxygen consumed ; and there are very nu- 
merous instances of combustion, in which, oxygen, in- 
stead of being solidified, becomes gaseous during the 
operation : and, lastly, in others no oxygen is present. 
Combustion, therefore, cannot be regarded as depen- 
dent upon any peculiar principle or form of matter, 
but must be considered as a general result of intense 
chemical action. We quote this perspicuous theory 
of combustion from Mr. Brande ; its dependence upon 
electricity has been already noticed, as well as several 
properties of oxygen, in connexion with the general 
subject of combustion. (See pp. 60 to 65.) 

CHLORINE. 

Why is chlotine so called ? 

Because its colour is green (from the Greek word 
for green). 

Dr. Ure observes, " the introduction of this term, 
(chlorine) marks an era in chemical science. It origin- 
ated from the masterly researches of Sir Humphry 
Davy, on the oxvmuriatic gas of the French school ; a 
substance, which, after resisting the most powerful 
means of decomposition which his sagacity could in- 
vent, or his ingenuity could apply, he declared to be, 
according to the true logic of chemistry, an elementary 
body, and not a compound of muriatic acid and oxy- 
gen, as was previously imagined, and as its name 
seemed to denote. He accordingly assigned to it the 
term chlorine, descriptive of its colour, a name now 
generally applied." 

Why are chlorine and its aqueous solution used to 
prevent infection P 

Because chlorine has the power of decomposing the 
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nocuous compounds which produce contagion, and re- 
solving them into others, which are harmless. Even 
when combined with lime, in the substance usually 
known as bleaching powder, chlorine retains this anti- 
septic XK)wer. For the purposes of fumigation, chlo- 
rine, liberated from manganese and muriatic acid, or 
manganese salt and sulphuric acid, may be diffused 
through the atmosphere of the infected chambers, or 
the infected goods may be exposed to it. In the same 
way, the offensive odour of dead hodies may be miti- 
gated by sprinkling them with solution of chlorine. 
Chloride oi lime has also been successfully used in 
cases of bums ; to destroy the stench of bilge-water in 
ships, and to correct the confined air in their holds; as 
well as to destroy the fire-damp in mines. 

Why is bleaching powder always used in a liquidformP 
Because it has the property of bleaching only when 
water is pissent. Thus, if a piece of dry litmus paper 
be introduced into a jar of dry chlorine, it will suffer 
no change ; but if previously wetted^ the colour will 
speedily disappear. The colours of printed calico may 
readily be discharged by the same means. 

The addition of the water to the chloride of lime, 
(or hleaching powder) effects its partial composition : — 
one half of the chlorine leaves the lime, and dissolves 
in the water ; and this is the bleaching liquid of the 
shops, which is sold at a high rate, although it cannot 
cost more than a farthing a gallon. Sometimes this 
fluid is applied immediately to the suhstance to be 
bleached, but sometimes a weak acid is added, to de- 
stroy the slight affinity of the chlorine for the lime, 
and you will see by this addition, how much the 
bleaching power of the fluid is increased. The manu- 
factory of the chloride of lime is carried on on a large 
scale in the north of England, by passing chlorine into 
leaden chambers:^ containing hydrate of lime in fine 
powder.-^^rafwfc. 
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Scbeele first remarked this bleaching proper^ ; Ber- 
thollet apph'ed it to the art of bleaching in Fiance ; 
and from him Mr. Watt introduced its use into Great 
Britain. 

BROMINE AND IODINE. 

Why is Bromine so called P 

Because of its origin from a Greek word signifying 
** a strong disagreeable odour." In like manner, iodine 
is named from a Greek word signifying "violet-co- 
loured," which distinguishes its vapour. 

Bromine and iodine have only very lately been dis- 
covered, and they belong to that class of substances, 
with whose use in the economy of nature we are at 
present totally unacquainted, and which have not yet 
been applied to any practical purpose : nevertheless, 
they are objects of the greatest interest to the chemist; 
ana the study of their properties is particularly instruc- 
tive, on account of the analogy which subsists between 
them and chlorine. 

Bromine probably exists in sea- water, but its relative 
proportion must be exceedingly minute. One hundred 
pounds of sea-water, taken up at Trieste, afibrded 5 
grains of bromide of sodium = 3.3 grains of bromine. 
Here the bromine is unaccompanied by any iodine ; 
and the same appears to be the case with the waters of 
the Dead Sea. In the water of the Mediterranean, on 
the contrary, iodine is always found with bromine. It 
is most readily recognized by evaporating the water, 
so as to separate all its more ordinary crystallizable 
contents, reducing the remainder to a very small bulk, 
and dropping in a concentrated solution of chlorine. 
The appearance of a deep yellow tint announces bro- 
mine. Dr. Daubeny, Professor of chemistry at Oxford, 
has discovered iodine and bromine in sevei*al salt 
springs and mineral waters of this country ; and the 
Professor conceives that his analyses will tend to throw 
some light on the connexion between the chemical con- 
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stitution of mineral waters and their medicinal quali- 
ties. Bromine has also been obtained from the ashes 
of sea-weeds, and we shall presently have occasion to 
notice its connexion with the cause of the ocean's tint. 
Thus, it has been discovered, not only in the waters of 
the ocean, but in certain salt springs, in the ashes of 
marine plants, and, according to Mr. Brande, in those 
of some marine animals. 

Bromine acts with energy on the animal functions. 
A drop, let fall into the b^k of a bird, was sufficient 
to kill it. Iodine was accidentally discovered in 1812, 
by M. de Courtois, a manufacturer of salt-petre at 
Paris. In his processes for procuring soda from the 
ashes of sea-weeds, he found the metallic vessels much 
corroded, and in searching for the cause of the corro- 
sion, he made this important discovery. But for this 
circumstance, merely accidental, one of the most curi- 
ous of substances might have remained for ages un- 
known ; since nature has not distributed it, either in 
a simple or compound state, through her different 
kingdoms, but has stored it up in what the Roman 
satirist considers as the most worthless of things — ^the 
vile sea-weed. — Ure, 

Iodine has been successfully applied in cases of can- 
cer and bronchocele. 

HYDROGEN. 

Why is hydrogen employed for filling air-balloons P 
Because it is much lighter than the atmosphere; the 
principle upon which balloons are constructed beings 
that a solid rises in the atmosphere with any given 
force, when its weight is less than the weight of the air 
which it displaces by the amount of that force. Hydro- 
gen is the lightest substance in nature at present 
known, being 14.4 less dense than common air, 16 
times less dense than oxygen, and 14 times less dense 
than nitrogen. Pure hydrogen gas is not, however, 
necessary to £01 balloons ; and carburetted hydrogen gas, 
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such as is used to light the streets, has been advan- 
tageously substituted. 

Dr. Ure considers every cubic foot of gas included 
in a balloon, to have by itself a buoyancy of fully one 
ounce avoirdupoise in the atmosphere. Hence, a bal- 
loon of ten feet diameter will have an ascensional 
force of fully 524 oz. or 33 lbs. minus the weight of the 
314 superficial feet of the varnished silk enveloping 
the gas ; and one of 30 feet diameter, a buoyancy of 
fully 14,137 oz. or nearly 890 lbs. minti$ the weight of 
the 2,827 feet of envelope. The subject of balloons, 
generally, belongs to Piieumatics. 

Hydrogen also forms a component of all vegetable 
and animal products, and is therefore abundantly dif- 
fused throughout nature. It may be respired for a 
short time, though it is instantly fatal to all small ani- 
mals. M. Maunoir, after having breathed a quantity 
of pure hydrogen, found that his voice had become re- 
markably shrill. It is inflammable, and extinguishes 
flame. When .pure, it bums quietly, with a lambent 
flame at the surface, in contact with air; but if mixed 
with thrice its volume of air, it bums rapidly, and with 
detonation. 

THE BLOWPIPE. 

Why is the gas blowpipe so important an instrument 
in chemical analysis^ Sfc, ? 

Because it enables us to employ a mixture of oxygen 
and hydrogen gases, and thus to produce the most 
powerful heat yet known. This may be shown by pre- 
paring a bladder full of each of these airs, and forcing 
some out of each, into a common tube connected with 
both, and throwing a stream of the mixed gases on 
burning charcoal, or on any other substance in the act 
of combustion. These bladders should each be fur- 
nished with<.a fimall metallic pipe and stop-cock, and 
the tube connecting with both should have a very small 
orifice, in order that a regular stream of the commixed 
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^as may be tbrown upon the burning' substance. This 
is called the hydro-oxygen blowpipe, and its construc- 
tion and use were illustrated by the late Dr. E. Clarke, 
in a series of beautiful experiments in the fusion and 
reduction of earths and metals, and their compounds. 
Mr. Hare of Philadelphia, also fused, by this appara- 
tus, porcelain, common pottery, Wedgwood's ware, 
pipe and porcelain clay, fine brick, common brick, and 
compound bricks, with equal ease. M. Lampadius, 
on making use of the gas blowpipe, found the heat, 
which is produced by the combustion of oxygen, with 
carburetted hydrogen gas, procured from coal, to be 
more intense than that with pure hydrogen. Mr.Brande, 
however, thinks the above blowpipe always a danger- 
ous instrument, and adds, '^ nearly as intense a tempe- 
rature may be safely produced by propelling oxygen 
through the flame of a spirit-lamp.^' 

Why is the common blowpipe, or simple bent tube, 
less advantageous than that just described? 

Because it is hurtful to the lungs, and cannot be 
used but with much inconvenience, from the necessity 
of keeping up a continued blast. To effect the latter, 
bellows have been added, but as portability is a great 
object, they are more objectionable than bladders, 
which occupy little room when empty, and may be 
quickly filled with air. Mr. K. T. Kemp, of Edinburgh, 
has, however, invented a blowpipe which is very port- 
able, requires scarcely any exertion of the lungs, one 
expiration into it being sufficient to produce a conti- 
nued blast for about two minutes — and occupies rery 
little space. It is described and drawn in Jameson^ s 
Journal for 1829, and in the Arcana of Science and 
Artioi 1830,;?. 145. 

WATER. 

Why is hydrogen so called P 

Because it is one of the elements of water (from the 
two Greek words signifying the formation of water). 

PART XII. K 
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Thus, ¥rhen two rolttmes of pure hydrogen gas are 
mixed with one volume of pure oxygen gas, and the 
mixture inflamed in a proper apparatus by the electric 
spark, the gases totally disappear, and die interior of 
the vessel is covered with orops of pure water, equal 
in weight to that of the gases consumed. Again, if 
pure water be exposed to the action of voltaic electri- 
city, it is resolved into two volumes of hydrogen, disen- 
faged at the negative pole, and one volume of oxygen, 
isengaged at the positive pole ; so that water is thus 
proved by synthesis, and by analysis, to consist of two 
volumes of hydrogen combined with one of oxygen. 
We quote this illustration from Mr. Brande, who adds, 
'* the experiments illustrating the composition of water, 
and showing the proportions in which its elements aie 
united, are amongst the most important in chemistry. 
The readiest means of decomposing water is as fol- 
lows : — take a gun-barrel, the breech of which has been 
removed, and fill it with iron wire coiled up. Place it 
across a common chafing-dish, and connect to one end 
of it a small glass retort, containing some water ; and, 
to the other, a bent tube, opening under the shelf of 
a water-bath. Heat the barrel red-hot by means of 
charcoal, and apply a lamp under the retort The steam 
of water, in passing over the red-hot iron, will be de- 
composed, the oxygen will unite with the iron, and the 
hydrogen may be collected in the form of gas. This 
is the most economical way of making hydrogen in 
large quantities. Those who have had an opportunity 
of visiting an iron-foundry, may see this process con- 
tinually going on ; for when the melted metal is poured 
into the damp moulds, the water which they contain 
is decomposed, and the hydrogen which is given off is 
ignited ; and generally, from its mixture with the air, 
produces a slight explosion. If this experiment be made 
very carefully, by placing the iron wire, previously 
weighed, in a glass, or very compact earthen tube, in- 
stead of the gun-b&rrel, the weight which the iron will 
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hare acquired, added to the weight of the yolume of 
gas produced, will be found exactly to make up the 
weight of the water decomposed ; and they will be to 
each in the proportion of eight to one. 

Water was, till modem times, considered as an ele- 
mentary or simple substance. In 1776, the celebrated 
Macquer made an experiment, by burning hydrogen 
gas in a bottle, without explosion, and holding a white 
china saucer orer the flame. His intention appears to 
have been that of ascertaining whether any fuliginous 
smoke was produced ; and he observes that the saucer 
remained perfectly clean and white, but was moistened 
with perceptible drops of a clear fluid, resembling 
water ; and which, in fact, appeared to him to be no- 
thing but pure water. In the following year, Buquet 
and Lavoisier experimented to discover what is produced 
by the combustion of hydrogen ; but Dr. Priestley, in 
1781, appears to have first fired hydrogen and oxygen 
gas in a closed glass vessel ; the inside of which, though 
clean and dry before, became dewy. The inference 
respecting this was, that these airs, by combustion, de- 
posited the moisture they contained. Mr. Watt, how- 
ever, inferred from these experiments, that water is a 
compound of the burnt airs, which give out their latent 
heat by combustion. In the same year, Mr. Henry 
Cavendish was busied on the subject, which he illus- 
trated by a valuable series of experiments. The com- 
position of water was not known or admitted in France 
lUl the year 1783, when it was proved by MM. Lavoi- 
sier and de la Place. The grand experiment in France 
was, however, by Fourcroy, Vaquelin,and Seguin, and 
was begun on May 13, 1790, and finished on the 22nd 
of the same month. The combustion was kept up one 
hundred aud eighty-five hours with little interruption, 
daring which time the machine was not quitted for a 
moment. The experimenters alternately refreshed 
themselves when fatigued, by lying for a few hours on 
mattresses in the laboratory. The total weight of hy- 

k2 
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drog^en and oxygen employed, waes 7,249.227; the 
weight of water obtained was 7,244- grains, or 12 oz. 
4 gros. 45 gr. ; the deficit being 4.227 gr. The water 
being examined, was found to be as pure as distilled 
water. 

The composition of water is best demonstrated, by 
exploding two volumes of hydrogen, and one of oxygen, 
in the eudiometer. They disappear,, and pure water 
results. From the most careful experiments, it appears 
that a cubic inch of water, at the temperature oi 60®, 
weighs 252.52 gr., and consists of 28.06 gr. of hydro- 
gen, and 224.46 gr. of oxygen. The volume of the for- 
mer gas is 1,325 cubic inches, and, of the latter, 662, 
making together 1,987 cubic inches ; so that the con- 
densation is nearly 2000 volumes in 1. 

Why is water universally found throughout nature P 
Because it possesses a large range of affinity for na- 
tural bodies, of which it is capable of dissolving a greater 
number than any other fluid. It is found not only 
throughout the earth in an uncombined state, with its 
particles in the different aggregates either of ice, water, 
or vapour, but in a permanent and chemical union 
with a vast number of substances, solid, fluid, and 
gaseous. The air of the atmosphere, and even that 
which is considered the driest, contains much water 
in solution. Many solid minerals, and crystallized 
neutral salts, contain water in their composition ; some 
of the latter to more than half their weight. 

Why is hard water often improper for dyeing P 
Because it contains salts with an earthy basis, which 
precipitate upon the stuff duiing boiling, and thus 
prevent the access of the colouring particles. Some 
of the earthy salts are indeed used in dying, but to 
alter and heighten particular colours. Well water is 
preferred in dyeing red, and other colours that want 
astringency ; as well as in the dying of stuffs of loose 
texture, as calico, fustian, and cotton. 
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Why has the comnum practice of lining wells with 
bricks been condemned P 

Because bricks soften the hardest water, and give it 
an aluminous impregpiation. — Dr, Percival. 

Why is water often found impregnated with sulphur^ 
etted hydrogen gas P 

Because of the spontaneous decomposition of pyrites^ 
or sulphuret of iron, where the spring rises. Hence, 
sulphuretted hydrogen gas, which consists of sulphur 
held in solution by hydrogen gas, imparts the medicinal 
value to many celebrated springs, and is found very 
plentifully in all those natural waters, which emit that 
peculiar and offensive odour somewhat similar to rotten 
eggs, or the scourings of a foul gun-barrel. At a me- 
dium temperature, water will absorb from two- thirds 
to three-fourths of its bulk of this gas, and even twice 
its bulk. 

Of this property were the seveml wells in London, 
supposed to be impregnated with the spiritxis mundi, 
and sold by the monks as a kind of spiritual nectar; 
the most celebrated of which was the Holy-well, near 
Shoreditch. 

Why does this ivater soon become turbid P 
Because the cohesion of the sulphur to the hydrogen 
is Tery weak. It soon deposits pure sulphur. Hence, 
the sulphureous pellicles that are found in the chan- 
nels in which this water flows, or the lining of the casks 
and other vessels in which it is usually conveyed. 

Why is the purest water that which falls from the at- 
mosphereP 

Because, having touched air alone, it can contain 
nothing but what it gains from the atmosphere, and it 
is thus distilled without the chance of those impurities 
which may exist in the vessels used in an artificial ope- 
ration. — Sir Humphry Davy. 

Why is rain-water collected in towns less pure than 

elseiahere P 

k3 
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Because it always acquires a small quantity of sul- 
phate of lime, and carbonate of lime, obtained from the 
roof and plaister of the houses. Again, the atmosphere 
of a smoky town will give some impregnation to rain, 
as it passes through. Hippocrates states, that rain- 
water should always be boiled and strained when col- 
lected near large towns ; a fact now well known to 
chemists. 

Why is the purest water produced from, snow that has 
fallen on glaciers, which are themselves formed from 
frozen snow P 

Because congelation expels both salts and air firom 
water, whether existing below, or formed in the atmos- 
phere ; and, in the high and uninhabited regions of 
glaciers, there can scarcely be any substances to con- 
taminate: removed from animal and vegetable life, 
they are even above the mineral kingdom. Sir Hum- 
phry Davy considers this to be pure water : its colour, 
when it nas any depth, or when a mass of it is seen 
through, is bright blue ; and, according to its depth, it 
has more or less of this colour. Captain Parry states, 
that the water on the Polar ice has the same beautiful 
tint. The reader will find some new and interesting 
observations on the colour of water in Salmonia, 

Why is water distilled P 

Because its foreign impurities may be completely 
separated from it. Distilled water as commonly pre- 
pared, however, always affords minute traces of foreign 
matter, especially when subjected to voltaic decompo- 
sition, and can only be considered as perfectly pure, 
when re-distilled, at a low temperature, in silver ves- 
sels. 

Why is distilled water the lightest of all waters P 
Because it contains neither solid nor gaseous sub- 
stances in solution. It is perfectly devoid of taste ; is 
colourless and transparent, feels soft, and wets the fin- 
gers more readily than any other. The principal cases 
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in which distilled \|ater has been used as an article of 
drink, have been in those important trials of the prac* 
ticabUitj of producing it by condensing the steam of 
sea^water, by means of a simple apparatus fitted to a 
ship's boiler. These have fully shewn the ease with 
which a large quantity of fresh water may be procured 
at sea, and that of the purest kind. 

Why did the old chemists believe in the conversion of 
water into earth by distillation ? 

Because they found that the water, though purified 
by repeated distillation, if evaporated to dryness, always 
left a small residuum. Magraff distilled water seventy- 
two times, with this result ; but Lavoisier determined 
that this residuum was entirely owing to the abrasion 
of the glass vessels in which the process was carried 
on. 

Why has it been important to ascertain ndth precision 
the weight of pure tvater ? 

Because it is the standard with which all other 
liquids and solids are compared ; as the weights of 
aeriform fluids are with atmospheric air. Moreover, 
a recent act of Parliament declares, that the standard 
measure of capacity shall be the gallon, containing 
lOlbs. avoirdupoise weight, (7000 gr.=l lb.) of distilled 
water, weighed in the air, at the temperature of 62o of 
Fahrenheit's thermometer ; the barometer being at 30 
inches. The capacity of this gallon is 277.274 cubic 
inches. 

Hofiman thus sums up the properties of pure water : 
^ It is the fittest drink for all ages and temperaments : 
and, of all the productions of nature or art, comes near- 
est to that universal remedy so much sought after by 
mankind, and never hitherto discovered." 

Why does potash soften hard water P 

Because it decomposes all the earthy salts which 
oppose the solution of soap, by causing the earth to 
precipitate, whilst the neutml alkaline salt which is 
left, does not injure the solvent power of water. 
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Why does alum clear find water P 

Because this salt is decomposed by tbe caibonate of 
lime in the water, and the alumina carries down all 
sensible impurities. 

This appears to be, in fact, a species of titration, the 
efficacy of which, as a remedy for the long-complained- 
of impurities of the water of the Thames, we have al- 
ready noticed, in Part 1 of this work. That the Thames 
water may be so purified is proved by the fact, that 
upon being taken to sea in casks, and becoming putrid, 
when it is racked off, and exposed to the air, it gra- 
dually deposits a black slimy mud, becomes clear as 
crystal, and remarkably sweet and palatable. 

It might be expected that the Thames, passing a 
large town, and thus receiving its impurities, should 
thereby acquire a foulness, perceptible to chemical ex- 
amination ibr a considerable distance below the town; 
but the most accurate examinations prove that, where 
the stream is at all considerable, these impurities have 
no influence in permanently altering the quality of the 
water ; and, as tney are only suspended, that mere rest 
will restore the water to its original purity. By this 
filtering process, or depuration, as is proved by Dr. 
BostocK, in the Philosophical Transactions for 1839, 
part 2, the quantity of saline matter in the water was 
mcreased as much as fourfold. Thus, 10,000 gr. of 
the water left by evaporation a saline crust, and were 
found to contain the following salts : 

After exam. Before exam. 

Carbonate of lime 4.20 gr. 1.55 gr. 

Sulphate of ditto ,66 .12 

Muriate of soda ^ o 74 03 
Muriate of magnesia ) ' 

7.60 1 .90 

Thus, although the water, by this depurating pro- 
cess, freed itself from the great quantity of organic 
matter which it contained, and acquired a state of ap- 
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parent purity, which might render it sufficiently proper 
for many purposes, yet that the quantity of saline mat- 
ter was increased as much as fourfold. The greatest pro- 
portionate increase is in the muriates, which are Tcry 
nearly twelve times more. in the purified water than in 
that of the Thames in its ordinary state. The carbonate 
of lime is between two and three times as abundant as 
before, and the sulphate of lime between five and six 
times. This water, also, examined in its foul state, 
gave very obvious indications of both sulphur and am- 
monia, neither of which could be detected after depu- 
ration. 

This depurating process may be denominated a spe- 
cies of fermentation ; t. e. an operation, where a sub- 
stance, without any addition, undergoes a change in 
the arrangement of its component parts, and a new 
compound or compounds are produced. The newly 
formed compounds were, in this case, entirely gaseous, 
and, except a part of the carbonic acid, were dis- 
charged. The saline bodies, not being affected by this 
process, remained in solution, leaving the fluid free, 
indeed, from what are considered as impurities, yet so 
much loaded with earthy and neutral salts, as to be 
converted from a soft into a hard water. The source 
of the saline bodies may be supposed to be the organic 
substances, principally of an animal origin, which are 
so copiously deposited in the Thames: of these, the 
most abunaant are the excrementious matters, as well 
as the parts of vaiious undecomposed animal bodies. 
The different species of the softer and more soluble 
animal compounds, act as the ferment, and are them- 
selves destroyed, while the salts which were attached 
to them are left behind. It may be conceived, there- 
fore, that the more foul is the water, the more complete 
will be the subsequent process of depuration : and we 
have hence an explanation of the popular opinion, that 
the Thames water is peculiarly valuable for sea stores, 
its extreme impurity inducing the fermentative pro- 
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cess, and tbas removing from it all those substances 
\%'liich can cause it to undergo any further alteration. 

The great importance of filters need not be further 
insisted on. In I^aris, such an apparatus is to be found 
in almost every house ; yet ihe water of the Seine is of 
great purity, and even purer than any of the tributary 
streams which surround it. It does not contain more 
than five grains of solid matter in the pint. 

Within these few months, a plan has been submitted 
to the Royal Institution, for filtering the river Thames 
beneath its bed. 

Why does water, unlike other liquids^ increase in vo- 
lume, as it cools down to its point of congelation ? 

Because, by this peculiar law, it may answer certain 
important purposes in the economy of nature, which 
may be demonstrated as follows: — the water which 
covers so large a portion of the surface of the globe, is 
one of the most efficient means of equalizing its tem- 
perature, and rendering those parts habitable, which 
would otherwise be bound up in perpetual frost, or 
scorched with intolerable heat. The cold air which 
rushes from the polar regions progressively abstracts 
the heat from the great natural basins of water, or 
lakes, till the whole mass is reduced to 40o (the freez- 
ing point being d2<>) ; but at the former point, by a wise 
providence, the refrigerating influence of the atmo- 
sphere becomes nearly null ; K)r the superficial stratum, 
by further cooling, becomes specifically lighter ; and, 
instead of sinking to the bottom, as before, and dis- 
placing the warmer water, it now remains at the sur- 
face, becomes converted into a cake of ice, and pre- 
serves the subjacent water from the further influence 
of the cold. If, like mercury, it continued to increase 
in density to its freezing point, the cold air would con- 
tinue to rob the mass of water of its heat, till the whole 
sunk to 32®, when it would immediately set into a 
solid stratum of ice, and every living animal in it 
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would perish ; and in tbese latitudes, a deep lake, so 
frozen, would never again be liquified. At the tem- 
perature of 40o, water is about 828 times heavier than 
atmospheric air. 

Why is the expansion of water hy cooling^ and at the 
time of becoming ice^ a great cause of d^truction in 
northern climates P 

Because, where ice forms in the crevices or cavities 
of stones, or when water, wbich has penetrated into 
cement, freezes, its expansion acts with the force of the 
lever or the screw, in destroying or separating the 
parts of bodies. Akin to this, are tbe mechanical 
powers of water, as rain, hail, or snow, in descending 
from tbe atmosphere; for in acting upon the projections 
of solids, drops of water, or particles of snow, and still 
more, of hail, have a power of abrasion : and a very 
soft substance, from its mass assisting gravitation,may 
break a much harder one. 

The rupture of iron and lead pipes by freezing, has 
been cursorily noticed elsewhere.* The most interest- 
ing experiments upon the subject are, according to 
Brande, those of Major Williams. Bomb-shells, about 
13 inches in diameter, and more than 2 inches thick, 
were filled with water; the fuse-holes were then 
plugged with iron bolts — and thus charged, were ex- 
posed to the open air, at a temperature between 40<' and 
19^. At the moment of congelation, the plugs were 
thrown out, and the ice protruded through the fuse- 
hole. When the plug was duly secured, the shell it- 
self burst. The greatest difierence observed in those 
experiments, between the bulk of water before and 
after congelation, was : 174 : 184. Exposed to the air, 
ice loses considerably in weight, by evaporation. 

Why is water^ as a chemical agent, frequently re- 
iolved into its elements P 



• See Domestic Sciemcb, p. 14. 
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Because they are respectiTely concerned in the pro- 
duction of new compounds. Thus, when chloride of 
phosphorus acts upon water, its chlorine combines with 
the hydrogen of the water to form muriatic acid, and the 
phosphorus and oxygen unite to form phosphorous 
acid. In other cases, bodies decompose water by the 
absorption of oxygen only, and the hydrogen is libe- 
rated in the gaseous form ; but there is no instance in 
which the hydrogen is absorbed, so as to cause the evo- 
lution of gaseous oxygen. — Brande. 

Why is the decay of marble buildings materially has- 
tened by ifie water of the atmosphere F 

Because of its great solvent powers : the calcareous 
and alkaline elements of stones being particularly liable 
to this kind of operation. The carbonic acid, which 
^is water holds m solution, also increases its power of 
dissolving carbonate of lime, or marble ; and in the 
neighbourhood of great cities, where the atmosphere 
contains a large proportion of this principle, the s<dvent 
powers of the rain exposed to it must be greatest. 
Whoever examines the marble statues in the British 
Museum, which have been removed from the exterior 
of the Parthenon, will be convinced that they have 
suffered from this agency ; and an effect distinct in 
the pure atmosphere and temperate climate of Athens, 
must be upon a higher scale in the vicinity of other 
European cities, where the consumption of fuel pro- 
duces carbonic acid in great quantities. — SirH. Davy. 

Why do metals rust in the exterior of buildings ? 

Because of the oxydating powers of water ; which, 
by supplying oxygen in a dissolved or condensed state, 
enables the metals to form new combinations. Thus, 
metallic substances, such as iron, copper, bronze, brass, 
tin, and lead, whether they exist in stones, or are used 
for support or connexion in buildings, are liable to be 
corroded by water, holding in solution the principles 
of the atmosphere.— >St> H. Davy, 
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Why does wood exposed to the air so soon decay P 

Because, not only the rain, but even the vapour in 
the air, attracted by the wood, gradually reacts upon 
its fibres, and assists decomposition, or enables its ele- 
ments to take new arrangements. Hence it is, that 
none of the roofs of ancient buildings, more than one 
thousand years old, remain, unless it be such as are 
constructed of stone ; as those of the Pantheon at Rome, 
and the tomb of Theodric at Ravenna, the cupola of 
which is composed of a single block of marble. The 
pictures of the Greek masters, which were painted on 
the wood of the abies^ or pine of the Mediterranean, 
likewise, as we are informed by Pliny, owed their de- 
stroction, not to a change in the colours, nor to the al- 
teration of the calcareous ground on which they were 
painted, but to the decay of the tablets of wood on 
which the intonaco or stucco was laid. Amongst the sub- 
stances employed in building, wood, iron, tin, and lead, 
are most liable to decay from the operation of water ; 
then marble, when exposed to its influence in the fluid 
form. Brass, copper, granite, sienite, and porphyry, 
are more durable. — Sir H. Davy, 

Why do some stones decay sooner than others ? 

Because much depends upon the peculiar nature of 
their constituent parts. Thus, when the feldspar of 
the granite rocks contains little alkali or calcareous 
earth, it is a very permanent stone ; but when, in gra- 
nite, porphyry, or sienite, either the feldspar contains 
much alkaline matter, or the mica, schorl, or horn- 
blende, much protoxide of iron, the action of water, 
containing oxygen and carbonic acid, on the ferruginous 
elements, tends to produce the disintegration of stone. 
The kaolin, or clay, used in most countries for the 
manufacture of porcelain or china, is generally pro- 
duced from the feldspar of decomposing granite, in 
which the cause of decay is the dissolution and separa- 
tion of the alkaline ingredients. 

This and the three previous illustrations are abridged 

PART XII. L 
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from the Dialogue Pola, or Time, in the posthumous 
¥^ork of Sir H. Davy, already named. We have no 
where seen Uie philosophy of creation and decay more 
heautifully illustrated than in this treasurable little 
volume. 

Why %9 marble used for sculpture and architecture in 
preference to harder substances P 

Because their durability is not in proportion to their 
hardness ; and marble, though much softer than grar 
nite, resists longer the attacks of air and moisture. 

Wliy is the temperature of the sea more uniform than 
that of any inland water , exposed to the atmosphercy and 
not a hot spring ? 

Because it possesses in itself a peculiar source of 
caloric, owing to a variety of causes, the operation of 
which is unknown to us; The vast body oi tbe water, 
and the perpetual agitation to which it is exposed, ren- 
der it less liable to be affected by outward changes of 
temperature ; and this is particularly the case at a con- 
siderable depth below the surface; at its upper part, 
however, it possesses an extensive range of temperature 
at different seasons of the year. On the shores of Cng- 
land, the surface of the sea is seldom, in the severest 
weatber, lower in its temperature than 40o, or higher, 
in the hottest suminer, than Q^^ ; whereas the heat of 
rivers, especially when they are shallow and their cur- 
rents slow, rises higher and sinks lower than either of 
these points. — Booth. 

Why does sea-water soon grow offensive by keeping p 
Because of the decomposition of the animal and 

vegetable matters which it contains in suspension; 

these, like all organic bodies, being peculiarly liable 

to change, and the salt in the water not being sufficient 

to preserve them from decay. 

Why is the sea usually of a green colour ? 
Because, probably, of vegetable matter, and perhaps, 
partially, of two elementary principles, iodine and 
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brome, which it certainly contains, though these are 
possibly the results of decayed marine regetables. 
These give a yellow tint when dissolved in minute por- 
tions in water, and this mixed with the blue of pure 
water would occasion sea-green. — Sir H. Davy, 

Why is it erroneous to suppose that the salt in the sea 
has been gradually augmented by saline particles brought 
into it by rivers r 

Because this conclusion is totally inadequate to ex- 
plain the immense quantity of salt existing in the 
whole mass of the ocean. If the average depth of the 
sea be ten miles, and it contain 2^ per cent of salt, 
were the water entirely evaporated, the thickness of the 
saline residue would exceed one thousand feet — Bake- 
welPs Geology. 

Connected with the depth of the* sea, the following 
interesting question has been noticed in a German 
Journal. Whether in the sea there be depths where 
no creature is able to live, or whether a boundary be 
assigned to organic life within those depths, cannot 
be ascertained. It, however, clearly appears from the 
observations made by Biot, and other naturalists, that 
fishes, according to their different dispositions, live in 
different depths of the ocean. 

Why is the Mediterranean of superior saltness to other 
seas ? 

Because the Mediterranean expends, by evaporation, 
three times more water .than it receives ; the fresh 
water being so carried off from the surface. 

Why is the Dead Sea so called F 

Because no living creature is to be found in it. 

Why is it saidy that " nothing sinks in the Dead 
Sea^^P 

Because of its extreme saltness. Mr. Madden, a 
recent traveller, bathed in this sea : he could lie, like 
a log of wood, on 'the surface, without stirring hand or 
foot, as long as he chose ; but with much exertion he 
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could just dive sufficiently deep to cover all his body, 
when he was again thrown on the surface, in spite of 
his endeavours to descend lower. On coming out of 
the water, Mr. Madden found his body coated with it, 
and likewise with an incrustation of salt, about the 
thickness of a sixpence. 

STEAM. 

Why has iteam such extraordinary power P 
Because,in its constitution, two volumes of hydrogen, 
and one of oxygen, are condensed into two volumes. 
A cubic inch of water at 40> is expanded by heat into 
1694 inches, or nearly a cubic foot of steam, at the 
temperature of 212^ ; at which point it is equal to the 
mean elasticity of the atmosphere, or thirty inches of 
merciury ; when we see the pnenomena of boiling. 

Water is susceptible of compression, as was origin- 
ally shown by Canton, and more lately by Mr. Perkins, 
who finds a pressure of 2000 atmospheres occasioned 
by a dimmution of l-12th its bulk. (Phil, Tram. 1820. J 
If submitted to very sudden compression, water becomes 
luminous, as has been shown by M. Desaignes. — 
Brande. 

Why is steam considered universal in nature P 
Because it is not only formed from water at its boil- 
ing point, but rises slowly and quietly from it at all 
temperatures, even below ue freezing point It is al- 
ways found' mixed with the permanent gases of the at- 
mosphere, even in the driest weather ; as may be seen 
by die dew on a glass of water fresh drawn from a well 
in summer. Its elasticity at the freezing point is equal 
to 0.200-lnch of mercury, and its force increases in 
a geometrical progression for equal increments of tem- 
perature. 

We have elsewhere quoted and simplified the appli- 
cations of steam,* and, accordingly, here only notice 
its constitution, which could not with propriety be 

* See MKCHANics,pp. 62to66. 
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omitted : for, as Sir Humphry Davy obserres, " the 
steam-engine in its radest form was the result of a 
chemical experiment ; in its refined state, it required 
the combinations of all the most recondite principles of 
chemistiy and mechanics ; and that excellent philoso- 
pher who has given this wonderful instrument of power 
to civil society, was led to the great improvements he 
made by the discoveries, of a kindred genius, on the 
heat absorbed when water becomes steam, and of the 
heat evolved when steam becomes water." 

MURIATIC ACID. 

Why is muriatic acid gas termed, in more modem 
wmenckUurey hydrochloric add gas ?. 

Because it consists of equal volumes of hydrogen 
and chlorine, mixed and exposed to light. The best 
mode of showing its composition, is to introduce into 
a small but strong glass vessel a mixture of the two 
gases, and to inflame them by the electric spark ; no 
change of volume ensues, and muriatic acid gas re- 
sults.— Srawfc. 

Oil of vitriol poured upon common salt is a common 
method of purifying the chambers of the sick ; the 
chlorine, which is thus produced, being a powerful dis- 
infectant. Common salt will remove fruit and wine 
stains from linen, from the salt being a compound of 
sodimn and chlorine. Sir H. Davy observes upon the 
first of these processes, " When common salt is decom- 
posed by oil of vitriol, it was usual to explain the phe- 
nomenon by saying, that the acid, by its superior affi- 
ni^, aided by heat, expelled the gas, and united to the 
8oaa. But, as neither muriatic acid nor soda exists in 
common salt, we must now modify the explanation, 
hy saying, that the water of the oil of vitriol is fii-st 
decomposed ; its oxygen unites to the sodium, to form 
soda, which is seized on by the sulphuric acid, while 
the chlorine combines with the hydrogen of the water, 
and exhales in the form of muriatic acid gas." 

l3 
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Why i$ muriatic acid^ dusolvetl in water^ eaUed ipi- 
fit of tali? 

Because it is commonly procured by distilling a mix- 
ture of dilute sulphuric acid with common salt ; as, 32 
parts of salt, and 22 of sulphuric acid, dilated with one 
third its weight of water. The quantity of real add 
in muriatic acid of different densities, is best ascer- 
tained by the quantity of pure carbonate of lime, (Car- 
rara marble, for instance) which a given weight of the 
acid dissolves. Every 50 grains of the carbonate are 
equivalent to 37 of real acid. — Brande, 

Muriatic acid is much employed in the arts. It is 
the best test for silver : if a single drop be poured into 
any solution containing this metal, a copious precipi* 
tate ensues, owing to the affinity of this acid for tae 
silver, and Uie insolubility of the muriate of silver thus 
formed. Muriatic acid aissolves tin and lead. 

Why is muriatic acid recommended for cleaning old 
books and prints P 

Because, though it removes the stains of common 
ink, it does not affect printers' ink. For the latter use, add 
half an ounce of red lead to three ounces of common 
muriatic acid. Where writings have been effaced for 
fraudulent purposes with this acid, sulphuret of am- 
monia, and prussiate of potash, will revive the writing 
and discover the artifice. Very old writing may be 
revived in this way. If indigo and oxide of manganese 
be added to common ink, it will prevent its being ef- 
fficed by chlorine. — Parkes, 

With' various bases, muriatic acid forms the salts 
called muriates ; and muriates, whenin a state of dry- 
ness, are actually chlorides. ^ 

NITROGEN. 

Why is nitrogen also called azote P 

Because an animal immersed in it is immediately 
suffocated (from «, privative, and ^wij, life) : but, u 
that term be taken its strict sense, all gaseous bodies 



POPULAR CH£MISTRY. 115 

(excepting atmospheric air) might he included under 
it; for even oxygen itself will not indefinitely support 
life : moreover, nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears to he ahsolutely essential 
to animal life ; for no (rther gas can he suhstituted for 
it If we consider tde term nitrogen as merely imply- 
ing that it is a component of nitric acid, it is explicit 
and unohjectionahle. We, therefore, adopt it in pre- 
ference to that of azote. — Brande, 

Whether nitrogen is or is not a simple hod^ has heen 
much discussed among eminent chemists, without any 
conclusive result. In Silliman's American Journal 
for 1829, we read of a discovery of nitrogen gas issuing 
in almost a pure state from the earth, through three 
springs, in Hoosick, New York. According to Trous* 
set, the gas emitted hy the skin is pure nitrogen ; and 
Mr. Faraday has proved that if sea-sand, after ignition, 
he handled, it ^ill yield an azotic impregnation firom 
the skin, which the sand itself would not do. 

Professor Emmett recommends the preparation of 
nitrogen hy dipping zinc into fused nitrate of ammo- 
nia : it is instantly oxidized and dissolved, and nitrogen 
and ammoniacal gases are evolved. Every grain of 
the metal furnishes nearly a cuhic inch of the gas ; 
while the ammonia, which also escapes, hecomes 
wholly condensed, as soon as it enters into the water 
of the pneumatic cistern. 

WJ^ is there so much nitrogen in almotpheric air, 
seeing that it is injurious to animal life ? 

Because it dilutes and modifies the oxygen of the at- 
mosphere, so as to prevent too rapid comhustion, and 
stimulating respuation. Dr. Lamhe observes, that ^' if 
the proportions of oxygen and nitrogen were reversed 
in atmospheric air, the air taken in hy respiration 
would he more stimulant, the circulation would become 
accelerated, and all the secretions would he increased ; 
die tone of die vessels, thus stimulated to increased ac- 
tion, would be destroyed by over excitement, and, if 
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the supply from the stomach were not equal to the con- 
sumption, the body must inenlahly waste and decay. 

Why is nitrous oxide popularly culled " laughing- 
gas ?" 

Because it produces a certain degree of pleasurable 
excitement, often accompanied by laughter, in those 
who inhale it. It was discovered by Dr. PriestleY, in 
1772, but was firet accurately investigated by Sir Hum- 
phry Davy, in 1779. The best mode of procuring it 
IS to expose nitrate of ammonia to the flame of an ar- 
gand lamp, in a glass retort. When the temperature 
reaches 400o Fahrenheit, a whitish cloud will begin 
to project itself into the neck of the retort, accompanied 
by the copious evolution of gas, which must be col- 
lected over mercury for accurate researches, but for 
common experiments may be received over water. 

In Sir Humphry Davy's volume of Researches^ con- 
cerning nitrous oxide, are many interesting details of 
its eflfects when respired. Sir Humphry descril9es those 
upon himself thus : — " Having previously closed my 
nostrils and exhausted my lungs, I breathed four quarts 
of nitrous oxide from and into a silk bag. The first 
feelings were similar to giddiness ; but in less than 
half a minute, the respiration being continued, they 
diminished gradually, and were succeeded by a sen- 
sation analogous to gentle pressure on all the muscles, 
attended by an highly pleasurable thrilling, particular- 
ly in the chest and the extremities. The ejects around 
me became dazzling, and my hearing more acute. 
Towards the last inspiration the thrilling increased, 
and at last an irresistible propensity to action was in- 
dulged in. I recollect but indistinctly what followed: 
I know that my motions were various and violent 
These effects very soon ceased after respiration. In 
ten minutes I had recovered my natural state .of mind. 
The thrilling in the extremities continued longer than 
the other sensations. Almost every one who has 
breathed this gas, has observed the same things. On 
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some few, indeed, it has no effect whatever, and on 
others the effects are always painful." The experiment 
cannot be made with impunity, eCT>ecially by thoiSe 
who are liable to a detennination of blood to the head. 

Why is nitric acid go called P 

Because it is usually obtained by distilling^ purified 
nitre with sulphuric acid ; this, however, is only suffi- 
ciently pure for ordinary purposes. 

Nitric acid stains the greater number of animal sub- 
stances of a yellow colour, and is hence used in pro- 
ducing yellow patterns upon coloured or woollen goods ; 
it is used in fumigations, to destroy contagious and in- 
fectious matter, more especially in inhabited apart- 
ments, where chlorine would prove injurious. For this 
purpose, nitrate of potassa (nitre) and sulphuric acid 
are mixed in a saucer, and the evolution of the acid 
vapour aided by a gentle heat In pharmacy, and a 
variety of other processes, it is susceptible of interest- 
ing applications : it is used for etching on copper, and 
as a solvent for tin,* in the preparation of valuable 
mordants, used by dyers and calico printers. It is an 
important agent in metallurgy, and especially in the 
art of assaying. — Brande, 

For the purposes of the arts, it is commonly used in 
a diluted state, and contaminated with the sulphuric 
and muriatic acids, by the name of aquafortis, A com- 
pound, made by mixing two parts of uie nitric acid 
with one of muriatic, known formerly by the name of 
aqua regia^ and now by that ofnitro-^muriaiic acid, has 
the property of dissolving gold and platina. 

Why is oxali^acid also called acid of sugar P 
Because it is most commonly procured by the action 
of nitric acid on sugar. 



* In a recent German Journal, M. Mitacherlich mentions that iron, 
ttn, and aeveral other metals, may be put into, and even boiled in nitric 
add, of 1.62i specific gravity, without the 1w»t effect ; whiUt Bine is 
immediately oxidised and dissolved. 
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AMMONIA. 

Why is ammonia also called volatile alkali P 
Because it couverts most vegetable blues to green, 
and the yellows to red — properties which belong to the 
alkalies. The change of colour thus eJOfected by am- 
monia is, however, distinguished from that produced 
by the fixed alkalies, by the return of the original tint, 
when the ammonia flies off by exposure. It saturates 
the acids, and produces an important class of ammo- 
niacal salts, which are recognized by the evolution of 
ammonia, yihen they are triturated with potassa, soda, 
or lime. — Brande, 

Why is sal ammoniac- so called P 

Because it was first made in the neighbourhood of 
the temple of Jupiter Ammon. According to Pliny, 
there were large inns in the vicinity of this famous 
temple, inhere the pilgrims, who came to worship, 
lodged ; and who usually travelled on camels. The 
proprietors of these stables had some contrivance for 
preparing aud concentrating the urine of these beasts, 
and the salts which it produced were afterwards sub- 
limed in glass vessels for sale. Another account is, 
that ammoniacal salt was abundantly obtained from 
the blood of the victims who were slaughtered in hon- 
our of the god. 

Why should liquid ammonia be kept in well-stopped 
bottles P 

Because it loses ammonia, and absorbs carbonic 
acid, when exposed to the air. 

Why is ammonia generally used in a liquid state P 
Because, being next to hydrogen and carburetted 
hydrogen, the lightest of all the gaseous bodies, it has 
a great affinity for water. Now, though water is in- 
capable of dissolving either hydrogen or nitrogen, yet 
when these are united in ammonia, their nature is so 
changed, that they become very soluble in water ; that 
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fluid having the power of taking up and condensing 
nearly 670 times its own bulk of ammoniacal gas; and 
when thus saturated, the solution is lighter than an 
equal volume of water, in the proportion of 875 to 1000. 

Why is ammonia important in dyeing P^_ 

Because of its extensive use in making archil. A 
Florentine merchant, about the year 1300, having ac- 
cidentally observed that stale urine, which always con- 
tains ammonia, imparted a very fine colour to a certain 
species of moss, &c., made experiments, and thus 
learned to prepare archil. — Berthollet, 

A recent French Journal states, that aqua ammcnia 
will give to new brandy all the qualities of that of the 
oldest date. Five or six drops of the ammonia are to 
be poured into each bottle of brandy, and shaken well, 
that it may combine with the acid, on which the taste 
and other qualities of the new liquor depend. 

Why is ammonia so abundantly found in nature f* 
Because all putrifying animal and vegetable sub- 
stances furnish it, in propoition to the quantity of ni- 
trogen which they contain. It is, however, now gene- 
rally procured by dry distillation of bones, horns, &c. 
Besides various uses in the arts, in chemical researches, 
and in medicine, ammonia combines with carbonic 
acid, and forms the article known as volatile salts^ 
which are likewise obtained from coal soot, and from 
the waste liquor collected in the manufactories of coal 
gas. It has also an useful domestic application in aid- 
ing the lightness of bread ; which is explained by its 
great volatility, and the heat of baking. Another and 
more extensively useful combination of ammonia, is 
with muriatic acid, forming muriate of ammonia, or 
sal ammoniac f originally fabricated in Egypt, from the 
soot of the dung of camels, burnt as fuel. It is now 
made in Europe, and is used by dyers to prevent tin 
from precipitating ; in tinning metals, to cleanse the 
surface, and prevent them oxidizing by heat ; and in 
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the assay of metals, to discover the presence of iron ; 
dissolved in nitric acid, it also forms the aqua regia 
of commerce. 

Native ammonia is found in the vicinity of volcanoes, 
in some of the mountains of Tartary and Thibet, and 
in some of the ^uscan lakes. It has also been detected 
by Dr. Marcet in sea water. On pit coal it may also 
be sometimes seen in a yellowish white powder. 

Why is old decomposed dtmg comparatively tuelestas 
manure F 

Because, as soon as dung begins to decompose, it 
throws off its volatile parts, which are the most valu- 
able and most efficient. 

Why is soot a powerful manured 

Because it possesses ammoniacal salt, empyreumatic 
oil, and charcoal, which is capable of being rendered 
soluble by the action of oxygen, or pure vital air. 

Why are the stem and leaves of the heet-root valuable F 
Because, when dried and burned, they yield ashes 
so rich in alkali, that it melts easily by heat, and sur- 
passes many of the common varieties of potassa. 

SULPHUB. 

Why are common pyrites roasted to obtain sulphur P 
Because, the fumes being received into a long cham- 
ber of brick- work, the sulphur is gradually deposited ; 
it is then purified by fusion, and cast into sticks. 

Why will a roll of sulphur, when suddenly seized in 
a warm hand, crackle, and sometimes fall in pieces? 

Because the action of heat is unequal, the sulphur 
conducting it but slowly, and having litde power of 
cohesion. 

Sulphur is one of the few elements which occur in 
nature in their simple form. It is a well known mi- 
neral substance, found in large quantities in the neigh- 
bourhood of volcanoes, and as an article of commerce 
is chiefly brought fiom the Mediterranean. The effects 
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of heat upon sulphur are very curious. It is readily 
melti^ and Yolatilized, and begins to evaporate at 170o, 
and to fuse at 105®. At 220o it becomes completely 
fluid; between 226<* and 228® it begins to crystallize; 
between 230* and 284o it is as liquid as clear yamisb, 
and of an amber colour ; at about 320o it begins to 
thicken, and acquire a red colour, and on increasing 
the heat, it becomes so thick that it will not pour. Be- 
tween 4280 and 572^, the colour is a red brown ; from 
5779 to the boiling point it becomes thinner, but ne?er 
so fluid as at 248®; the deep red brown colour continues 
tiU it boils. It sublimes (this term is used to denote 
the evaporation of a solid) at 60O», and condenses into 
the form of a powder, or, as it is termed, of JUnoers, 
When poured into water, in complete fusion, it be- 
comes of the consistency of wax, and of a red colour ; 
it may then be used for taking impressions from en- 
giaveid stones, and hardens upon cooling. In a French 
Journal we read, ^ though it is well Imown that sul- 
phur which has been recently fused does not immedi- 
ately recover its former properties, no one suspected 
that it required whole months, and even a longer pe- 
riod, fully to restore it." 

Why is sublimed sulphur, far delicatejmrposes, washed 
with hot water P 

Because it is always slightly sour. The purity of 
sulphur may be estimated by gradually heating it upon 
a piece of platinum leaf; if free from earthy impuri- 
ties, it should totally evaporate. It should also be per- 
fectly soluble in boiling oil of turpentine. 

Why is sulphuretted hydrogen of easy production? 

Because sulphur, in its ordinary state, always con- 
tains hydrogen, which it ffives off auring the action of 
various bodies for which it has a powerful attraction. 
Berzelius, by heating sulphur with oxide of lead, re- 
marked the formation of water, but in such small and 
indefinite quantities, as induced him to adopt the ge- 
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nerally received opinion, that the presence of hydrogen 
is accidental, and that it is not an element of sulphur. 
This illustration is quoted by Mr. Brande in his valu- 
able Manual. It is indeed simple and beautiful, since 
the reader need not be reminded of the ready produc- 
tion of oxygen from heating oxide of lead, and the for- 
mation of water by the combination of oxygen and 
hydrogen. 

Of all the gases, sulphuretted hydrogen is perhaps 
the most deleterious to animal life. A green-finch, 
plunged into air which contains only 1-150^ of its vo- 
lume, perishes instantly. * A dog of middle size is de- 
stroyed in air that contains l*800th; and a horse would 
fall a victim to an atmosphere containing l-2d0th. 
Dr. Chaussier proves, that to kill an animal, it is suffi- 
cient to make the sulphuretted hydrogen gas act on 
the surface of its body, when it is absorbed by the in- 
halants. 

Wh^ is sulphur used in bleaching P 

Because, when burned, its fumes combine with the 
oxygen of the atmosphere, and thus produce sulphur- 
ous acid gas. This first reddens blue colours and 
then destroys them : it is much used in whitening dlk 
and straw-work. According to Pliny, it was used in 
his time for bleaching wool. Upon some colouring 
matters, however, as that of cochineal, sulphurous acia 
has scarcely any action ; and when it does destroy co- 
lour, the original tint mav often be recovered by a 
stronger acid. A red rose, for instance, is bleached by 
dipping into a solution of sulphurous acid; but the 
colour is restored by immersion in diluted sulphuric acid. 

Why has a gun a peculiar smell after firing P 
Because of the sulphuret of potash formed by the 
exploded sulphur and nitre of the gunpowder. 

SULPHURIC ACID. 

Why is water necessary , with sulphurous acid oxygen, 
to produce sulphuric acidP 
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Because the acid gi*adual]y unites with a further 
proportion of oxygen, and the compound is taken up 
by the water. When sulphur is burned in dry oxygen 
gas, there is no change of volume. Again, on the mix- 
tare or dilution of sulphuric acid, great heat is given 
out by the further admixture of oxygen. Four parts 
of acid and one of water, produce, when suddenly 
mixed, a temperature =30()o. According to Dr. Ure, 
the greatest heat is evolved by mixing 73 of acid with 
27 of water. 

Sulphuric acid is also obtained without nitre, by a 
patented process invented by Mr. Hill. '* Coarsely 
powdered iron pyrites are submitted to a red heat, in 
cylinders communicating with a leaden chamber con- 
taining water; part of the sulphur, as it bums out of the 
pyrites, appears at once to pass into the state of sul- 
phuric acid." — Brande. 

Native sulphuric acid is not uncommon. In 1829, 
M. Egidi, druggist of Ascoli, witnessed in a spacious 
cavern a violent disengagement of sulphuric hydrogen, 
which, in contact with atmospheric air, became graulu- 
ally decomposed, and produced water and sulphur; the 
latter deposited on the sides of the cavern, and princi- 
pally formed sulphates of lime crystallized ; and lastly, 
sulphuric acid, running down the sides of the cavern. 
Professor Eaton describes the natural occurrence of 
sulphuric acid in large quantities, both in a diluted 
and a concentrated state, in the town of Byron, ten 
miles south of the Erie canal. The place has been 
known in the vicinity, for seventeen years, by the name 
of the sour springs, and consists of a hillock 230 feet 
long and 100 broad, of an ash-coloured alluvion, con- 
taining an immense quantity of exceedingly minute 
grains of iron pyrites : it is mostly covered with a coat 
of charred vegetable matter four or five inches thick, 
and black as charcoal ; the same kind of matter extends 
on all sides, from the base of the hillock over the 
plain. Its charred state is caused wholly by the 

M 2 
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sulphuric acid. lu wet spring seasons, plants 
flowered on this hillock sooner than on the adjoining 
grounds ; hut as soon as the spring rains hegan to de- 
cline, then the vegetahles withered away, and appeared 
as if scorched. About two miles east of this place is 
another sulphuric acid spring, still more remarkable in 
one respect. The quantity oi water from this spring is 
in sufficient quantity to turn a light grist-mill ; and 
yet there is so much sulphuric acid present in i^ that 
the stream will constantly redden violets, and its water 
coagulate milk. It is supposed that the sulphuric acid 
is produced in some way by the decomposition of the 
pyrites in the soil. — Siliiman. 

Cases of poisoning by sulphuric acid are not unfre- 
quent ; the best antidotes are copious draughts of chalk 
and water, and of carbonate of magnesia and water. — 
Or/ila, 

Why is sulphuric acid also ealled oil of vitriol? 

Because it was formerly obtained by the distillation 
of grieen vitriol. It is now procured by burning a 
mixture of about 8 parts of sulphur, and of nitre, in 
close leaden chambers containing water, by which the 
fumes produced are absorbed, and by evapoiiition the 
acid is procured in a more concentrated state. — Parkes. 

Why should stdphuric acid always be kept closely 
stopped P 

because it rapidly absorbs water from the atmo- 
sphere ; so that, in moist weather, 3 parts by weight 
increase to 4 in 24 hours. 

Why is sulphuric add important in dyeing blueP 
Because it instantly dissolves indigo, which, at first 

deep purple, becomes blue by exposure to air, or by 

dilution. 

PHOSPHORUS. 

Why is phosphonts obtainable from bone earth P 
Because of the phosphate of hme in bones ; which, 
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with water and sulphuric acid, yields phosphoric acid ; 
(his, mixed with charcoal, and distilled, yields phos- 
phoret of carbon, and this by re-distillation becomes 
phosphorus. Thenard is of opinion that phosphorus 
cannot be entirely freed from charcoal, a minute quan- 
tity of which does not impair its whiteness. Does not 
this illustrate its easy combustion ? 

Mr. Parkes notes Uiat phosphorus was accidentally 
discovered at Hamburg, in 1669, by an alchemist 
named Brandt, in his search after gold ; and two years 
afterwards, one Kraft brought a small piece of phos- 
phorus to London, on purpose to show it to the king 
and queen, of England. Mr. Boyle afterwards dis- 
covert the process, which he described in the Philo- 
iophical Transactions for 1680, and in a little book 
wnich he published in the same year, entitled the 
Aerial Noctiltica. Mr. Boyle instructed Mr. Godfrey 
Hankwitz, of London, how to procure it from urine, so 
that he was the first who made it for sale in England ; 
and he continued to supply all Europe with it for many 
years. 

Why does phosphorus shine in the air in the dark, 
with a pale blue light F 

Because of its very slow combustion, which is at- 
tended by the production of acid : hence the necessity 
of preserving it in water ; this has a luminous property 
when agitated. The combustion ceases in close ves- 
sels, as soon as the greater part of the oxygen has been 
absorbed. This light is caused by a white smoke ; but 
in air perfectly di^, phosphorus does not smoke, be- 
cause the acid which is formed, and closely encases the 
combustible, screens it &om the atmospherical oxygen. 

In the vacuum of the air-pump, phosphorus, in small 
pieces loosely enveloped in cotton, will generally in- 
flame, and bum for some time, with a pale blue light ; 
and, in the same circumstances, it more readily kin- 
dles if sprinkled with powdered resin or sulphur; 
alone, it ooes not inflame. — Brande, 

M 3 
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M. Osem has described, in the BuUetin Univenel^ 
fieveral new solar phosphori, which are tu more power- 
ful than those previously known. The curious reader 
will find them in ihe Aroma of ScUnee for 1829. See 
also page ^ of the present Yolume. 

Phosphorescent pnenomena are not uncommon in 
nature. Phosphorescent fluor spar has lately been 
found in Siberia and Cornwall. The luminousness 
of the sea, especially in stormy weather, is supposed to 
be a phenomenon of this class ; but its cause is in- 
volvea in too much controversy for place here : it was 
formerly believed to be caused by tbe«lectrieal fric^n 
of the waves, which explanation is no longer admitted. 
Humboldt attributes it to certain ^ning molluscae, 
which emit light at pleasure, and to the decomposed 
parts of dead medusae. Sec* We have elsewhere 
cursorily noticed the properties of certain phosphores- 
cent bodies. (Seep, 52,) * 

Phosphoretted hydrogen may be employed in some 
simple experiments. Thus, when bubbles of it are 
sent up into a jar of oxygen, they bum with much 
splendour; in chlorine, also, they bum with a beauti- 
ful pale blue light. 

Why are brimstone matches used in phosphoric fire" 
boxes r 

Because the sulphur of the DEWtch readily combines 
with the phosphoms in the bottle, by friction against 
cork or wood, and inflames : indeed, phosphorus and 
sulphur combined are more inflammable than phos- 
phoms. 

Why is it difficult to light paper by the flame of 
phosphorus P 

Because the paper becomes covered and protected 
by the acid formed by the combustion of the phospho- 

♦ The best recent paper on the subject (for the controTcrsy is still rifc 
among naturalists) will be found in the Mtaaxineitf Natural ffwtory, 
for July, 1830. *- ^ », 
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nis. When perfectly dry, phospborus inflames at a 
temperature of 60o. 

Why is the phenomenon called ^^WiU-o^'the-WUp^ 
produced F 

Because of the phosphuretted hydrogen gas in stag- 
nant waters and marshy grounds; its origin being 
probably in the decomposition of animal substances. 
The peculiar odour of fishes, when putrefying, arises 
from the emission of this gas. 

COAL GAS. 

Why does coal, subjected in close vessels to a red heat, 
produce gas P 

Because the carbon and bitumen, of which the coal 
consists, thus become volatilized ; and hydrogen, hold- 
ing carbon in solution, is the result: this gas, combining 
with the oxygen of the atmosphere, proKluces combus- 
tion and flame. These gaseous products contain also 
more or less sulphuretted hydrogen, and carbonic oxide 
and acid. Dr. Henry conceives that gas to have the 
greatest illuminating power, which, in a g^ven volume, 
consumes the largest quantity of oxygen. 

Dr. Clayton seems to have been the first who per- 
foraied ibis experiment, witli the view of artificial illu- 
mination ; though its application to economical pur- 
poses was unaccountably neglected for about sixty 
years. At length, Mr. Murdoch, of the Soho Foundry, 
instituted a series of judicious experiments on the ex- 
trication of gas from the ignited coal ; and succeeded 
in establishing one of the most capital improvements 
which the arts of life have ever derived from philoso- 
phical research and sagacity. — Ure, 

The coal is placed in oblong cast-iron cylinders or 
retorts, which are ranged in furnaces, to keep them at 
a red heat, and all the volatile products are conveyed 
by a common tube into a condensing vessel, kept cold 
by immersion in water ; and in which, the water, tar. 
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pitcb, ammoniacal and other condensable TapouTS,are 
retained.-=-5ranrfc. 

The production of hydrogen gas in a tobacco-pipe, 
by fiUine the hovri with powdered coal, then luting it 
07er, ana placing it in a fire, — ^is well known ; but e^en 
more familiar are the alternate bursting out and ex- 
tinction of those burning jets of pitchy vapour, which, 
as Dr. Amott aptly observes, ** contribute to render a 
common fire an object so liyely, and of such agreeable 
contemplation in the winter CTenings.*' 

W7iy was gas adopted in cotton-mills soon after its 
invention F 

Because of the peculiar softness, clearness, and un- 
varying intensity of its light. Its being free from the 
inconvenience and danger resulting from the sparks 
and frequent snuffing of candles, is a circumstance of 
material importance, tending to diminish the hazard 
of fire, and lessening the high insurance premium on 
cotton-mills. 

Mr. Brande illustrates the economy of gas illumina- 
tion, by examining the value of the products of distil- 
lation of a chaldron of coals, the average cost of which 
may be considered as £2. It should afford 

1^ Chaldron of Coke, at 208 £15 

S4 Gallons of Tar and Ammoniacal Liquor at Id. 3 
1900 cubic feet of Gas, at I3s. per 100 C. F. . 7 16 

£9 3 

The histoiy and economy of gas-lighting have been 
copiously illustrated in several volumes exclusively 
devoted to the subject ; as well as by the experiment- 
ing skill of some eminent chemists, as Messrs. Henry, 
Brande, Ure, Accum, and others. From one of these 
works, aided by the Reports of the late Sir William 
Congreve, we learn that in the year 1814 there was 
only one gasometer in Peter-street, Westminster, of 
14,000 cubic feet, belonging to the Chartered Gas 
Light Company, then the only company established in 
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London. In 1827 there were four great companies, 
having, altogether, gasometers at work capable of con- 
taining in the whole 017,940 cubic feet of gas, s^p- 
pliod by 1,315 retorts, and these consuming 33,000 
chaldrons of coal in the year, producing 41,000 chal- 
drons of coke ; the whole quantity of gas generated 
annually being upwards of 397,000,000 cubic feet; by 
which 61,203 private, and 7,268 public or street, lamps 
are lighted, in the metropolis. In addition to these 
great companies, there were several private establish- 
ments, whose operations are not included in the fore- 
going statements ; for, it appears that where more than 
fiffy lights are required, a coal-gas apparatus will be 
found profitable. Thus, the gas for the office of the 
Morning Chronicle newspaper is made on the premises. 

According to Mr. Murdoch's statement, presented to 
the Royal Society, 2,500 feet of gas were generated 
from 7 cwt= 784 lb. of cannel coal. This is nearly 
3i cubic feet for every pound of coal, and indicates 
judicious management. The price of the best Wigan 
cannel is l^d. per cwt. delivered at Manchester ; or 
about Si. for the 7 cwt. About one-third of the above 
quantity of good common coal, at lOs, per ton, is re- 
quired for fuel to heat the retorts. Nearly two-thirds 
of the weight of the coal remain in the retort, in the 
form of coke, which is sold on the spot at l8,4d. per 
cwt The quantity of tar produced from each ton of 
cannel coal, is from 11 to 12 ale gallons. This tar is 
now extensively used as paint for out-buildings, &c. ; 
afid the ammoniacal liquor, also a result of the process, 
is turned to still more advantageous account, in the 
manufacture of carbonate of ammonia; f^e^j?. 11 9 j so 
that nothing is lost. 

Why is it necessary that the cylinders or retorts should 
he red-hot? 

Because the gas may be produced instantly the coals 

. are introduced. If, on the other hand, coal be put 

into a cold retort, and slowly exposed to heat, its bitu- 
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men is merely Tolatilized, in the state of condensable 
tar. Little gas, and that of inferior illuminating power, 
is then produced. 

Why does coke hum withtmt smoke P 
Because it is the distilled coal remaining in the re- 
torts after the above process, and is consequently fineed 
from all gases and Tap<)tirs. Dr. Amott observes, that 
^ a pound of coke produces nearly as much heat as a 
pound of coal ; but we must remember that a pound 
of coal gives only three-quarters of a pound of coke, 
although the latter is more bulky than the former." 

Why are the gaseous products passed through quick- 
lime and water r * ^ 

Because the sulphuretted hydrogen, and carbonic 
oxide and acid, may thus be absorbed ; while the car- 
buretted hydrogen gases are transmitted sufficiently 
pure for use into gasometers, whence the pipes issue 
for the supply of streets, houses, &c. 

Why is a gasometer so called ? 
Because it Bnables the manufacturers of gas to m/ete^ 
or measure, with accuracy, the quantity of gas ex- 
pended, in proportion to the number of jets or burners 
^^ ^ . made use of. The essential conditions of any appara- 
^ ' tus for this purpose, are, that the pressure on the gas, 
while passing through the measurer, shall at all times 
be uniform : and that it shall register truly when that 
pressure is very small, and when the current of gas is 
very feeble. 

The ga& is conveyed or laid on to the premises of the 
consumers, by pipes called mains, which, in London, 
in thejrear 1824, extended 900 miles. Other methods, 
have, nowever, been adopted for its conveyance ; and, 
in 1827, there was at Manchester an itinerant gaso- 
meter, capable of holding more than 1000 cubic feet 
of gas ; this being mounted upon wheels, and filled 
with gas from the gasometer at the works, was trans- 
ported about the streets of Manchester, and delivered 
• , mto the gas-holders of the Company's customers. 
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Why is it important that the holes in the gas-burner 
be not too large P 

Because, ii this point be not attended to, the gas will 
be incompletely burnt Increased length of flame 
makes imperfect combustion, and diminished intensity 
of light. 

Mr. Accnm gives the following interesting statement 
of gas-burners. '* An argand burner, which measures 
in the upper rim half an inch in diameter between the 
holes from which the gas issues, when furnished with 
fiye apertures, l-2dth part of an inch in diameter, con- 
sumes two cubic feet of ffas in an Jiour, when the gas 
flame is 1^ inch high. The illuminating power of Uiis 
burner is equal to three tallow candles, eight in the 
pound. An argand burner, three-fourths of an inch 
in diameter, as above, and perforated wiih holes l-30th 
of an inch in diameter (probably fifteen in number) 
consumes three cubic feet of gas in an hour, when the 
flame is 2i inches high ; giving the light of four can- 
dles, eight to the pound. And an argand burner, 
seven-eighths of an inch diameter, as above, perforated 
with eighteen holes, l-d2nd of an inch diameter, con- 
sumes, when the flame is three inches high, four cubic 
feet of gas per hour, producing the light of six tallow 
candles, eight to the pound. The height oft ^e glass 
chimney should never be less than five inche^. 

Whg is cannel coal best adapted for distillation ? 

Because it contains most bitumen, and least sulphur. 
A pound of good cannel coal, properly tre9.ted in a 
small apparatus, will yield five cubic feet of gas ; equi- 
valent in illuminating power \» a mould candle, six 
in the pound. On a great scale, however, 3^^ cubic 
feet of good gas are all that should be expected from 
one pound of coal. A gas jet, which consumes half a 
cubic foot per hour, afibrds a steady light equal to that 
of the above candle. 

Why does carbtiretted hydrogen give outy during its 
combustion, much more light than the subcarburetted P 
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Becaase of the larger quantity of carbon disengaged 
by the former ; but if the mixture \iith oxygen be in 
such proportions as at once to bum the whole of the 
charcoal in its gaseous combinations, without previous 
deposition, the light becomes blue, and is greatly re- 
duced in intensity. 

Why it thefiame of a candle of various colours!* 
Because of the different stages of combustion in it. 
Thus, at the bottom part, where the inflammable gases 
are given off in the smallest quantity, and where they 
are most intimately mixed with the air, the combus- 
tion is at once complete, and the light is blue and faint ; 
the centre part, wnere the particles of charcoal, owing 
to a less admixture of oxygen, are thrown off in a solid 
state, and become incandescent before they are finally 
burnt, is white and highly brilliant ; and the upper, 
wbere the charcoal is in still greater quantity, and 
much of it finally escapes combustion, is red and dull, 
as is seen when a candle requires snuffing. 

Dr. Ure, a few years since, made a set of experiments 
on the relative intensities of light, and duration of dif- 
ferent candles, the result of which is contained in the 
following table : — 



Number in a 
pound. 


Duration 

of a 
Candle. 


Weight 

in 
grains. 


Grs. con- 
sumed 
per hour 


Propor- 
tion of 
Ught 


Econo- 
my of 
light. 


Candles 
equall 
Argand. 


10 Mould 
10 Dipped 
8 Mould 
6 ditto - 
4 ditto 
Annnd oil 
Flame 


5 h. 9 m. 
4 36 

6 31 

7 Si 
9 36 


688 

672 

856 

1160 

1787 


132 
IfiO 
132 
163 
186 

612 


124 
13 

69.4 


68 

66 
80 

100 


5.7 

6.S5 

6.6 

&0 

3.5 



Why do those flames, whose products are only gaseous 
matter, give very little light P 

, Because the quantity of light which flame emits is 
dependent upon the incandescence of minute particles 
of solid matter, which are thrown off during combus- 
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don. The light of a stream of ignited hydrogen is 
scarcely visible in the day-light ; but if a small coil of 
platinum wire be suspended in it, or some solid body, 
in very fine powder, such as the oxide of zinc, be pro- 
jected through it, it becomes very luminous. 

OIL GASP 

Why is oil gas cheaper than coal gas ? 

Because purified coal gas seldom contains more than 
40 per cent, in volume of olefiant gas, while oil gas 
generally afibrds about 75 per cent: hence its superi- 
ority for burning, and the relatively small quantity 
consumed. Thus oil, by being allowed to trickle into 
a red-hot retort, half filled with coke or pieces of brick, 
to increase the heated surface, is decomposed, and 
yields a large quantity of gas, which is much richer in 
carburetted hydrogen than coal gas, and therefore 
much better fitted for the purposes of illumination. It 
contains no mixture of sulphuretted hydrogen, and re- 
quires no other purification than passing through a re- 
nigerator ; and as less of it is required for any given 
quantity of light, the atmosphere of a room is less heated 
and contaminated by its combustion. It is, however, 
considerably more e^ensive than the gas from coal ; 
although the first ouUay of capital for a manufactory 
upon a large scale is less, on account of the smaller 
size of the necessary pipes and apparatus. The com- 
monest whale oil, or even pilchard-dregs, quite unfit 
for burning in the usual way, afibrd abundance of ex- 
cellent gas. A gallon of whale oil afibrds about 90 
cubical feet of gas, of an average specific gravity of 
0.900; and an argand burner, equal to seven candles, 
consumes a cubical foot and a half per hour. Its eco- 
nomy may be judged from the following table : — 

Ai^gand burner, oil gas, per hour {d. 

Argand lamps, spermaceti oil 3d. 

JMonld candles 3^ 

Waxcandles Is. Sd. 

PART XII. N 
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Ml. Brande adds, that a pint of the best spenn oil, 
weighing about 13 ounces, bums, in a well trimmed 
argand, about ten hours. And by a series of experi- 
ments, conducted with eveiy requisite caution, he 
found, that to produce the lignt of ten wax candles for 
one hour, there were required — 

SGOO cubical inches of pure carburetted hydrogen, or olefiant gas. 

4875 oil gas. 

13120 ooaJgas. 

Why is oil used hy the Portable Gas Company P 
Because they are enabled to compress tne gaseous 
matter obtained from oil to about one-thirtieSi of its 
volume, or into a certain new liquid compound, colour- 
less or opalescent, yellow by transmitted, green by re- 
flected light ; and combustible, burning with a dense 
flame. Hence its portability. When the bottle con- 
taining it is opened, evaporation takes place from the 
surface of the liquid ; but this vapour soon ceases, and 
the remainder is comparatively fixed. 

Why is gas from wood but ill adapted for illumitia- 
tionP 

Because it is so deficient in the compounds of car- 
bon and hydrogen. In manufactories, ^however, of 
charcoal in iron retorts, for the making of gunpowder, 
the gas which is given off is led by a pipe under the 
cylinders, and is economically employed in maintain- 
ing their heat. 

ROSIN OAS. 

Why is rosin, ga^s evenmore advantageous than oil gas ? 

Because rosin is of lower price, and less liable to 
fluctuations of value, than oil : indeed, the cost of the 
gas is stated at one-fourth that of oil ; and the illumi- 
nating power of rosin gas, when compared with that 
from coal, is as two and a half to one, while it is of 
greater purity than that from coal or oil. 

For the origin of this improvement we are indebted 
to Mr. J. F. Daniell, the distinguished meteorologist : 
his mode of treating the rosin is, to dissolve by gentle 
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heat about 8 lbs. in a gallon of the essential oil, wbich 
is plentifully formed during the composition of oil for 
making gas, or of rosin itself. This solution was al- 
lowed to tricUe into the heated retort half filled with 
coke : thus, from 1000 to 1200 cubic feet of gas are 
obtained from 1 cwt. of rosin, and rather more than 
the original quantity of volatile oil is condensed, which 
is again employed for the solution. Mr. Daniell pa- 
tented this means about three years since, and an ap- 
paratus on the plan has been erected by M. Martineau 
for the London Institution. 

The burners consume about 1000 cubic feet of gas 
per day, obtained by 100 lbs. of common rosin, at about 
6«., dropped with oil of tuipentine on heated iron 
cylinders, in the proportion of 10 gallons of turpentine 
to 100 lbs. rosin ; but the cost of the turpentine is not 
included in the Gs., as the same oil may be used over 
and over again, for any length of time. 

Mr. Brande thus illustrates the advantages of rosin 
gas: — ^** The sources of supply are as inexhaustible, 
and more generally distributed, than those of the coal; 
and the forests of America, France, Spain, and Italy, 
yield the turpentine in quantities only limited by the 
demand. Many large towns in this country, in Ame- 
rica, France, Holland, and the Netherlands, have al- 
ready adopted the use of this gas. The elegance and 
simplicity of the manufacture, and the comparatively 
smi^l capital required for the erection of the works, will 
also give it the preference in the creation of new estar 
blishments." 

Returning to the comparative value of different 
hydro-carburetted gases, ior the purpose of illumina- 
tion, it seems evident, from Dr. Henry's experience, 
that, whatever be their source or composition, it may 
be most accurately determined by the quantity of oxy- 
gen required to saturate equal volumes. In other 
words, quotes Mr. Brande, the illuminating powers of 

N 2 
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the different paes will be pioportioned to the number 
of volumes of the gaseous carbon condensed into one 
Yolume o^the gas; and of these, the oxygen consumed, 
and the carbonic acid produced, afford an accurate 
measure. 

HrOROCYANIC ACID. 

Why it hydrocyanic acid so called ? 

Because it consists of hydrogen, and a gaseous com- 
pound, cyanogen, so styled by M. Gay Lussac, because 
It is the principle which generates blue, from two 
Greek words, signifying the blue -maker : or it may be 
obtained by means of Prussian blue ; whence it is also 
called prumc acid. The acid thus obtained, has a 
strong pungent odour, very like that of bitter almonds; 
its taste is acrid, and it is highly poisonous, so that the 
inhalation of its vapour should he avoided. It volati- 
lizes so rapidly as to freeze itself. 

From the experiments of M. Majendie, it appears, 
that the pure hydrocyanic acid is the most violent of 
all poisons. When a rod dipped into it is brought in 
contact with the tongue of an animal, death ensues 
before the rod can be withdrawn. If a bird be held a 
moment over the mouth of a phial containing this acid, 
it dies. In the Annales de Chimie for 1814, we find 
this notice: M. B., Professor of Chemistry, left by ac- 
cident upon a table, a flask containing alcohol impreg> 
nated with prussic acid; the servant, enticed by the 
agreeable flavour of the liquid, swallowed a small glass 
of it. In two minutes, she dropped down dead, as if 
struck with apoplexy. 

Hydrocyanic acid may generally be detected by its 
very peculiar odour. Scheele supplies this test : to the 
suspected liquid add a solution of green vitriol or cop- 
peras, and afterwards drop in pure potassa in slight 
excess,and after a short exposure to the air, re-dissolve 
the pecipit ate in muriatic acid. If hydrocyanic acid 
be present, the tint of prussian blue will appear. By 
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this means one ten-thousandth part of the add may be 
detected in water. Another test, in which copper is 
used, will, however, detect one twenty-thousanath of 
the acid in water. We must render the liquid con- 
taining the hydrocyanic acid slightly alkaline with 
potash, add a few Jrops of sulphate of copper, and af- 
terwards sufficient muriatic acid to re-dissolve the ex- 
cess of oxide of copper. The liquid will appear more 
or less milky, according to the quantity of hydrocyanic 
acid present. M. Orfila recommends nitrate of silver 
as a test, by which the acid will be precipitated in the 
fomi of cyanure of silver. 

PROPERTIES OF METALS. 

Why did the ancients designate the seven metals 
Inoum to them by the names of the planets F 

Because they were supposed to have some hidden 
relation : each being denoted by a particular symbol, 
representing both the planet and the metal. 

Gold . . . .was the. . . . Sun. 

Silver Moon. 

Mercury Mercory. 

Copper Venus. 

Iron Mars. 

Tin Jupiter. 

Lead Saturn. 

Why are s(nne metals called native ? 

Because they occur pure or allpyed, and have but a 
feeble attraction for oxygen; such as platinum, gold, 
silver, mercury, and copper. Metals are also found 
combined with simple supporters of combustion ; the 
chief of these are metallic oxides. Metals combined 
with simple inflammables, include native metallic sul- 
phurets. Metals in combination with acids, include 
metallic salts. — Abridged from Brande. 

Why are some metals called native alloys P 
Because they are found combined with other metals. 

Why are metals refined by fire P 

Because advantage is taken of some property in 
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wMch the metal operated upon may differ from those 
"mth which it is alloyed, or from which it is desired to 
separate it. These differences may consist of the faci- 
lity or difficulty of oxidation ; in their tendency to vo- 
latilize ; in the temperature required for fusion, and 
in their relative specific gravities. 

Metals, when exposed to the action of oxygen, chlo- 
rine, or iodine, at an elevated temperature, generally 
take fire, and, combining with one or other of these 
three elementary dissolvents, in definite proportions, 
are converted into earthy or saline-lookinfi^ bodies, 
devoid of metallic lustre and ductility, called oxides, 
chlorides, or iodides. 

Why have the metals^ as a class, a peculiar lustre P 
Because of their great power of reflecting light, in 
consequence of their opacity. Mr. Brande observes : 
*' their opacity is such, that, when extended into the 
thinnest possible leaves, they transmit no light ; silver- 
leaf, only one hundred-thousandth of an inch in thick- 
ness, is perfectly opaque. Gold is perhaps the only 
exception, which, when beaten out into leaves one 
two-hundred-thousandth of an inch in thickness, trans- 
mits green rays of light." 

Why are the polished metals peculiarly Jit for burn- 
ing mirrors P 

Because they are very imperfect radiators and re- 
ceivers of heat, but excellent reflectors both of light 
and heat. 

POTASSIUM. 

Why is potassium not found in an uncomhined state ? 

Because of its great affinity for oxygen. All that 
has hitherto been obtained has been procured by che- 
mical means from the potash of commerce. 

Wliy did Sir H. Davy discover potassium by the 
agency of Voltaic electricity upon pure potash P 

Because he was thus enabled to detach the oxygen, 
and then the alkaline base appeared in small bubbles, 
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hamg the lustre and outward chaiacters of quick- 

silTer. 

Why is potastium important to the philosophical cAe- 
mittF 

Because it is capable of detecting and separating 
oxygen wherever it may exist, and howeyer intimate 
and energetic may be the nature of its combinations. 
By its means water may be detached from the most 
highly rectified alcohol and ether ; and, by its decom- 
position, hydrogen gas will be evolved. Potassium 
also combines with phosphorus, sulphur, and hydrogen ; 
it forms metallic alloys with gold, silver, mercury, and 
some other metals ; at a red heat it will decompose 
ghiss; and is even capable of reducing all the metallic 
oxides. — Parhes, 

Potassium was discovered in 1807, by Sir Humphry 
Davy : he obtained it by submitting caustic potassa, 
or potash, to the action of Voltaic electricity ; the metal 
was slowly evolved at the negative pole. Gay Lussac, 
and Thenard, first procured it by heating iron turnings 
to whiteness in a curved gun-barrel, and melting pot- 
ash to come in contact with the turnings, when, air 
being excluded, potassium was formed, and collected 
in the cool part of the tube. 

Why does potassium hum with a beautiful fiam/e on, 
water r 

Because the potassium decomposes the water and 
absorbs the oxygen, while the hydrogen of the water 
escapes and takes fire by the heat which the rapidity 
of the action produces. 

Why does sulphuric acid, when dropped on chlorate 
ofpotassaj cause it to ignite? 

Joecause of the evolution of oxide of chlorine. A 
mixture of sulphuret of antimony, and the salt sud- 
denly deflagrates with a bright puff of flame and 
smoke. Matches tipped with this inflammable mixture 
are now in common use, and are inflamed by contact 
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with asbestos saturated with sulphuric acid. Berze^- 
lius ^ves the foUoM/ing as the best composition for the 
matches : 30 parts powdered chlorate of potassa, 10 of 
powdered sulphur, 8 of sugar, 5 of gum arabic, and 
a little ciunabar. The sugar, gum, and salt, are first 
rubbed together into a paste with water; the sulphur is 
then added, and the whole being thoroughly beaten 
together, small brimstone matches are dipped in, so as 
to retain a thin coat of the mixture upon their sul- 
phuretted points. A similar compound is employed 
in percussion gun-locks : gunpowder, made into a paste 
wim water and chlorate of potash, is dropped in small 
copper caps adapted to the tubular touch-hole of the 
gun, when a blow inflames the powder, and commu- 
nicates to that in the barrel. Fulminating mercury is, 
however, now substituted for this composition, which is 
found to rust the touch-hole. 

Note to " Steam," jwi^e 113. 

In the whole rans^ of English literature, perhaps there is notbiog 
more carious than the following prophecy respecting Steam, in Dr. 
Darwin's Botanic Oarden, published m 1789, but written, it is vdl 
known, at least twenty years before the date of its publication: 

Soon shall thy arm, unconquer'd steam, afar 
Drag the slow barge, or drive the rapid car ; 
Or on wide waving wings expanded bear 
The flying chariot through the fields of air. 
Fair crews triumphant leaning from above 
. Shall wave their fluttering 'kerchiefs as they move ; 
Or warrior bands alarm uie gaping crowd, 
And armies shrink beneath the shc^owy cloud r 
So mighty Hercules o'er many a clime 
Waved his huge mace in virtue's cause sublime ; 
Unmeasured strength with early art combined, 
Awed, served, protected, and amazed mankind. 
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MECHANICS. 



INTRODUCTORY. 



Why are certain truths termed physical F 
Because they explain the greater part of the phe* 
nomena of nature, the term physical being derived 
firom the Greek word signifying 'tuiture; an appella- 
tion distinguishing them from chemical truths, which 
regard particular substances, and from vital truths, 
which have relation only to living bodies. — Amott. 

Why is an atom so called ? 

Because of its origin from a Greek word signifying 
that which cannot he farther divided ; or, an exceed- 
ingly minute resisting particle. 

Why is the term attraction used ? 

Because the atoms of which the visible universe is 
built up, whether separate, or already joined into 
masses, tend towards all other masses, with force pro- 
portioned to their proximity: as, when any body 
presses or falls towards the great mass of the earth, or 
when the tides on the earth rise towards the moon. 

Why is the term repulsion used P 

Because, under certain known circumstances, as of 
heat diffused among the particles, their mutual attrac- 
tion is countervailed or resisted, and they tend to 
separate with force proportioned to their proximity: 
as, when heated water bursts into steam, or when gun- 
powder explodes. 

b2 
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Why is the term inertia used ^ 

Because it denotes that the atoms, in regard to 
motion, have about them what may be figuratively 
called a stuhhomnessy tending always to keep them in 
their existing state, whatever it may be ; in other words, 
that bodies neither acquire motion, nor lose motion, 
nor bend their course in motion, but in exact accord- 
ance to some force applied. 

This, and the three preceding definitions, are de- 
rived from the Synopsis of Dr. Amott's valuable 
Elements of Physics, Part I. third edit. 1828; &e 
author pertinently observing, that " a person compre- 
hending fully the import of these four words, atom, 
attraction, repulsion, inertia, may predict or anticipate 
correctly, very many of the facts and phenomena 
which tne extended experience of a life can display to 
him." 

Why are not men sensible of the rapid motion of the 
earth r . 

Because all tnings move at the same rate. What- 
ever common motions objects may have, it does not in- 
terfere with the efiect of a force producing any new 
relative motion among them. All the motions seen on 
earth are really only slight differences among the 
common motions : as, in a fleet of sailing ships, the 
apparent changes of place among them are, in truth, 
only slight alterations of speed or direction in their 
individual courses. 

Why does a spire or obelisk stand more securely on 
the earth, than a pillar stands on the bottom of a moving 
waggon P 

Because the motion of the earth is uniform, and not 
that the earth is more at rest than the waggon. We're 
the present rotation of our globe to be arrested but for 
a moment, imperial London, with its thousand spires 
and turrets, would be swept from its valley towards 
the eastern ocean, just as loose snow is swept away by 
a gust of wind. — Amott, 
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Why does a ball, let drop from the hand, fall ynth 
greater velocity the nearer it approaches the earth? 

Because, owing to the inertia of matter, any force 
continuing to act on a mass which is free to obey it, 
produces in the mass a quickening or accelerated 
motion ; for, as the motion given in the first instant, 
continues afterwards without any farther force, merely 
on account of the inertia, it follows that as much more 
motion is added during the second instant, and as 
much again during the third, and so on. A falling 
body, therefore, under the influence of attraction, is, 
as it were, a reservoir, receiving every instant fresh 
velocity and momentum (or quantity of motion). The 
height of a precipice, or the depth of a well, may be 
judged of with considerable accuracy, by marking the 
time required for a body to fall through the space. 
A body fialls four times as far in two seconds as in one, 
although the velocity, at the end of two seconds, is 
only doubled. — Amott. 

A body falls by gravity precisely X^ feet in a se- 
cond, and the velocity increases according to the squares 
of the time : viz. 

In i" (quarter of a second) a body falls 1 foot. 

\" (half a second) ditto 4 

1 second ditto 16 

2 ditto ditto 64 

3 ditto ditto 144 

The power of gravity at two miles distance from the 
earth, is four times less than at one mile; at three 
miles, nine times less ; and so on. It goes on lessen- 
ing, but is never destroyed. 

Meteoric stones, falling from great heights, bury 
themselves deep in the earth, by the force of their gra^ 
dually acquired velocity. 

Why are we said to know of nothing which is abso- 
lately at rest ? 
Because the earth is whirling round its axis, and 

b3 
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round the sun ; the sun is moving round his axis, and 
round the centre of gravity of the solar system ; and, 
doubtless, round some more remote centre in the great 
universe, carrying all his planets and comets about 
his path. 

One of the grand laws of nature is, that all bodies 
persevere in their present state, whether of motion or 
rest, unless disturbed by some foreign power. Motion, 
therefore, once begun, would be continued for ever, 
were it to meet with no interruption from external 
causes, such as the power of gravity, the resistance of 
the medium, &c. 

Dr. Amott adduces several familiar illustrations of 
motions and forces. Thus, all falling and pressing 
bodies exhibit attraction in its simplest form. Repm- 
sion is instanced in explosion, steam, the action of 
springs, &c. Explosion of gunpowder is repulsion 
among the particles when assuming the form of air. 
Steam, by the repulsion among its particles, moves the 
piston of the steam-engine. All elasticity, as seen in 
springSj collision, &c. belongs chiefly to repulsion. 
A sprinff is often, as it were, a reservoir of force, kept 
ready charged for a purpose ; as when a gun-lock is 
cocked, a watch wound up, &c. 

Why does a billiard ball stop when it strikes directly 
another ball of equal size, and the second ball proceed 
vnth the whole velocity which the first had? 

Because the action which imparts the new motion 
is equal to ^e reaction which destroys the old. Al- 
though the transference of motion, in such a case, 
seems to be instantaneous, the change is reaUy pro- 
gressive, and is as follows: The approaching ball, at 
a certain point of time, has just given half of its mo- 
tion to the other equal ball ; and if both were of soft 
clay, they would then proceed together with half the 
original velocity ; but, as they are elastic, the touching 
parts at the moment supposed, are compressed like a 
spring between the balls ; and by their expanding, 
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and exerting force equally both ways, they double the 
velocity of the foremost ball, and destroy altogether 
the motion in the other. 

Why is the uniformity of motion essential to rational 
cornecture or anticipation as to future events F 

fiecause, it is by assuming, for instance, that the 
earth will continue to turn uniformly on its axis, that 
we speak of to-morrow and of next week^ &c. and that 
we make all arrangements for future emergencies: 
and were the coming day or season, or year, to arrive 
sooner or later than such anticipation, it would throw 
such confusion into all our affairs that the world would 
soon be desolate. 

To calculate futurities, then, (observes Dr. Amott) 
or, to speak of past events, is merely to take some 
great uniform motion as a standard with which to 
compare all others; and then to say of the remote 
event, that it coincided, or will coincide, with some 
described state of the standard motion. The most 
obvious and best standards are the whirling of the 
earth about its axis, and its great revolution round the 
sun. The first is rendered very sensible to man by 
his alternately seeing and not seeing the sun, and it is 
called a day ; the second is marked by the succession 
of the seasons, and it is called a year. The earth 
turns upon its axis about 365 times while it is perform- 
ing one circuit round the sun, and thus it divides the 
year into so many smaller parts ; and the day is divi- 
ded into smaller parts, by the progress of the earth's 
whirling being so distinctly marked, in the constantly- 
varying directions of the sun, as viewed from any 
given spot on the face of the earth. When advancing 
civilization made it of importance to man to be able 
to ascertain with precision the very instant of the 
earth's revolution, connected with any event, various 
contrivances were introduced for the purpose. Such 
have been sun-dials, where the shadow travels pro- 



8 KNOWLEDGE FOR THE PEOPLE. 

gressively round the divided ciicle ; the unifona flux 
of water through a prepared opening ; the flux of 
sand in a common hour-glass, &c. But the verj tri- 
umphs of modem ingenuity and art are those astro- 
nomical clocks and watches, in which the counted 
equal vibrations of a pendulum, or balance-wheel, 
have detected periodical inequalities even in the 
motion of the earth itself, and have directed attention 
to unsuspected disturbing causes, important to be 
known. 

PF%y, when a body is carried below the surface of the 
earthy does its weight become less? 

Because the matter then above it is drawing it up, 
instead of down, as before. A descent of a few hundred 
feet makes a sensible difference, and at the centre of 
the earth, if man could reach it, he would find things 
to have no weight at all ; and there would be neither 
up nor down, because bodies would be equally at- 
tracted in all directions. — Amott. 

Why is a horseman standing on the saddle enabled to 
leap over a garter extended over the horse, (the horse 
parsing under the garter) and to light upon the saddle at 
the opposite side P 

Because, the exertion of the perfcmner, in this case, 
is not that which he would use were he to leap finom 
the ground over a garter at the same height. In the 
latter case, he would make an exertion to rise, and at 
the same time, to project his body forward. In the 
case, however, of the horseman, he merely makes that 
exertion which is necessary to rise directly upwards to 
a sufficient height to clear the garter. The motion 
which he has in common with the horse, compounded 
with the elevation acquired by his muscular power, 
accomplishes the leap. 

Why does a walking stick help a man on a journey? 

Because he pushes against the ground with the 

stick, which may be considered as compressing a spring 



MBCHANICS. 9 

between the earth and the end of his stick, which 
s pringis therefore pushing up as much as he pushes 
down ; and if, at the time, he were halanced in the 
scales of a weighing heam, *he would find that he 
weighed just as much less as he were pressing with 
bis stick. 

Why does a person wishing to leap over a ditch or 
chasnif make a run first ? 

Because the motion thereby acquired may help 
bim over. A standing leap &lls much short of a 
running one. 

These facts also illustrate the same principle: — 
From a glass of water suddenly pushed forward on a 
table, the water is spilt or left behind, but if the glass 
be already in motion, as when carried by a person 
walking, and if it be then suddenly stopped by coming 
ag!|jnst an impediment, the water is thrown or spilt 
forward. Again, the actions of beating a coat or 
carpet with a cane to expel the dust ; of shaking the 
snow from one's shoes by kicking against the door- 
post ; of knocking a dusty book against a table, or 
shutting it violently. 

Why is a man jumping from a carriage at speedy in 
great danger of falling, after his feet reach the ground? 

Because his body has as much forward velocity, as 
if he had been running with the speed of the carriage ; 
and unless he advance his feet as in running, he must 
as certainly be dashed to the ground, as a runner whose 
feet are suddenly arrested. — Amott, 

Why will the recoil of a fowling-piece hurt the 
shotdder, if the piece be not held close to it P 

Because the piece recoils with as much motion or 
momentum in it as the ball has ; but the momentum 
in the gun being diffused through a greater mass, 
the velocity is small, and easily checked. 

Why does a sky-rocket ascend P 

Because, after it is lighted, the lower part is always 
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producinff a large quantity of aeriform fluid, which, 
in expanding, presses not only on the air below, but 
also on the rocket above, and thus lifts it The ascent 
is aided also by the recMl of the rocket from the part 
of its substance, which is constantly being shot down- 
wards. — AmotL 

Why does a hare, though much less fleet than a grey- 
hound, often escape UP 

Because the greyhound is, with the hare, a compara- 
tively heavy body, moving at the same or greater speed 
in pursuit. The hare doubles, that is, suddenly changes 
the direction of her course, aud turns back at an ob- 
lique angle with the direction in which she had been 
running. The greyhound, unable to resist the ten- 
dency of its body to persevere in the rapid motion it 
had acquired, is urged forward many yams before it is 
able to check its speed and return to the pursuit 
Meanwhile the hare is gaining ground in the oUier 
direction, so that the animals are at a very con- 
siderable distance asunder when the pursuit is 
recommenced. 

Why are a large and small ship soTnetimps seen sailing 
with the same velocity P 

Because the surface of canvass or sail which they 
spread to catch the force of the wind, is proportioned 
to the difference of resistance which the water offers to 
the two. 

Why are ships so often destroyed by running foul of 
each other at sea P 

Because when two bodies moving in opposite direc- 
tions meet, each body sustains as great a shock as if, 
being at rest, it had been struck by the other body 
with the united forces of the two. Thus, if two ships 
of 500 tons burden encounter each other, sailing at 
wten knots an hour, each sustains the shock, which, 
being at rest, it would receive from a vessel of 1000 
tons burden, sailing ten knots an hour. 
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Why are carriages often overturned in quickly round- 
ing comers ? 

Because the inertia carries the body of the vehicle 
in the former direction, while the wheels are suddenly 
pidled round by the horses into a new one. A loaded 
stage-coach running south, and suddenly turned to 
the east or west, strews its passengeis on the south 
ade of the road. Where a sharp turning in a car- 
riage road is unavoidable, the outside of the bend 
should always be made higher than the inside, to pre- 
vent such accidents. 

Why tvere the battering rains of the ancients such 
formidable engines of war ? 

Because they allowed the concentrated efforts of 
many hands, and a considerable duration of action, 
so as to give at last one great and sudden shock. 

The action of gunpowder on bullets, although ap- 
pearing so sudden, is still not an instantaneous, but a 
gradual, and therefore accelerating motion ; and ac- 
cordingly we find the effect to depend much on the 
length of the piece along which the force pursues the 
ball. — Amjott, 

Why will a cannon or musket ball, shot quite hori- 
zontally^ touch the ground of a level plane just as soon 
as another ball dropped at the same instant directly from 
the cannon's mouth r 

Because the forward or projectile motion does not 
at all interfere with the action of gravity. This fact, 
observes Dr. Amott, which most persons, before consi- 
deration, would be disposed to doubt, maikes strikingly 
sensible the extraordinary speed of a cannon ball ; viz. 
which has already carried it 600 or 800 feet before 
touching, during the half second that a ball dropped 
from the hand of a standing person requires to reach 
the earth. This fact also explains why, for a long 
range, the gun must always be pointed more or less 
upwards. — Elements of Physics, 
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The velocity of a musket ball is, on an avenge, 
1,600 feet per second, and its range lialf a mile. 

Why is this range only half a mile, whereas, hy 
theory, it ought to he ten miles P 

Because it is retarded by the resistance of the air. 

In velocities exceeding 1,600 feet per second, the 
re»stance of the air is greatly increased ; hence the 
absurdity of giving balls too great an initial velocity. 
To give a bullet the velocity of 2000 feet per second, 
requires half as much more powder as to give it the 
velocity of 1,600 feet ; yet after both have moved 400 
feet, the difference between the velocity of each is re- 
duced to 8 feet per second. A 24-pound ball, moving 
at the rate of 2000 feet per second, meets a resistance 
of 800 pounds. 

If a body could be projected upwards with the velo- 
city of 36,700 feet in a second, it would never return ; 
and as it receded from the earth, its weight or gravity 
would diminish. At present, th,e greatest velocity 
with which we can project a body, does not exceed 
2000 feet per second. A bullet rising a mile above 
the surface of the earth, loses 1 -2000th part of its 
weight. — Notes in Science, 

Lieut Helwig, of Prussia, has invented a process 
for measuring the time occupied by a ball or bmlet in 
passing through a certain space ; by making the ball 
liberate the works of a time-keeper at the moment 
when it quits the mouth of the piece, and in making it 
also stop the time-keeper at the moment when it strikes 
an obstacle. Thus, he finds that a light body, of the 
same calibre with the bullet, moves, at the conmience- 
ment, with much greater velocity than tbe latter; 
equal charges being used. 

Steam cannon has not yet been found to realize all 
the formidable expectations which it had raised; 
but Mr. Perkins has estimated the projectile force of 
steam to be ten times greater than that of gunpowder, 
in throwing a ball to a given distance. 
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While on the subject of fire-anns, we mi^ mention 
that an ingenious Frenchman proposes to ns a small 
mirror, 0.47 of an inch in the side, near the mouth- 
piece, so that the person using it shall see the reflexion 
of his own eye. In this way it is supposed that very 
exact aim may be taken; and the experiments made 
by various officers and sportsmen, are said to encourage 
the idea that this application may be useful. 

Wivu wiU a huUet^ fired against a door hanging freely 
on its hinges, petf orate the same without agitating it ? 

Because the impression of the stroke is confined to 
one single spot, and sufficient time is not allowed for 
diffusing its action over the extent of the door. A 
pellet of clay, a bit of tallow, or even a small bag of 
water, discharged from a pistol, will produce the same 
effect 

Why is sea-^ckness produced on shipboard P 

Because man, stricUy to maintain his perpendicu- 
larity, that is, to keep the centre of gravity always over 
the support of his body, requires standards of compa- 
rison, wmch he obtains chiefly by the perpendicularity 
or known position of things about him, as on land ; 
but on shipboard, where 9ie lines of the masts, win- 
dows, furniture, &c. are constantly chanfi^ng, his 
standards of comparison are soon lost or disturbed. 
Hence, also, the reason why persons unaccustomed to 
the motion of a ship, often find relief by keeping their 
eyes directed to the fixed shore, where it is visible, or 
by lying on their backs, and shutting their eyes; and, 
on the other hand, the ill effects of looking over the 
side of the vessel at the restless waves of the sea. 

Sea-sickness, observes Dr. Amott, also depends 
partly on the irregular pressure of the bowels among 
themselves, and against the containing parts, when 
their inertia, or downward pressure, varies with the 
rising and falling of the ship. 

Reasoning upon the last-mentioned facts, Mr. Pratt, 

PART VII. c 
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of New Bond-Street, lias constructed an elastic or 
swinging seat, couch, orbed, for preventing the uneasy 
motions of a ship or carriage ; ihe frame of which is 
suspended on juribals or joints, turning at right angles 
to each ether ; and an elasticity is produced both in 
the seat or cushion, and in the swinging frames, by 
the use of spiral metal springs, in the form of an hour- 
glass. A still more simple preventive was illustrated 
by Sir Richard Phillips, on his crossing from Dover to 
Calais, a few years since. He caused an arm-chair 
to be placed on the deck of the vessel, and being seated 
in it, he began to raise himself up and down, as on 
horseback. The passengers laughed at his eccentri- 
city, but before mey reached Calais, many oi them 
were sea-sick, whilst Sir Richard continued to enjoy 
his usual health and vigour. We mentioned this ex* 
periment whilst making the same passage in the Royal 
George steam-boat, about a fortnight since; but no 
person aboard made the trial of its efficacy, although 
more than half of the number were sea-sick. 

An embrocation has lately been invented, and se- 
cured by patent, for preventing or alleviating sea- 
sickness; tnis preparation is to be rubbed over the 
lower end of the breast-bone, and under the left ribs ; 
but we cannot add our own testimony of its efficacy. 

Why cannot sure aim be taken with a stone in a 
sling r 

Because the, point from which it should depart, 
cannot be accurately determined. 

Why is the pendulum a time-keeper ? 

Because the times of the vibrations are very nearly 
equal, whether it be moving much or little ; that is to 
say, whether the arc described by it be large or small. 

A common clock is merely a pendulum, with wheel- 
work attached to it, to record the number of the vibra- 
tions ; and with a weight or spring, having force enough 
to counteract the retarding effects of friction and the 
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resistance of the air. The wheels show how many 
swings or beats of the pendulum have taken place, 
because at every beat, a tooth of the last wheel is 
allowed to pass. Now, if this wheel has sixty teeth, 
as is common, it will just turn round once for sixty 
beats of the pendulum, or seconds ; and a hand fixea 
on its axis, projecting through the dial-plate, will be 
the second hand of the clock. The other wheels are 
so connected with this first, and the numbers of the 
teeth on them so proportioned, that one turns sixty 
times slower than the first, to fit its axis to carry a mi- 
nute hand; and another, by moving twelve times 
slower still, is fitted to caiTy an hour-hand. — Amott. 

Why do clocks denote the progress of time P 

Because they count the oscillations of a pendulum ; 
and by that peculiar property of the pendulum, that 
one vibration commences exactly where the last ter- 
minates, no part of time is lost or gained in the juxta- 
position (or putting together) of Sie units so counted, 
so that the precise fractional part of a day, can be 
ascertained, which each such unit measures. 

The origin of the pendulum is traced to Galileo's 
observation of a hanging lamp in a church at Pisa 
continuing to vibrate long and with singular uniform- 
ity, after any accidental cause of disturbance. Hence 
he was led to investigate the laws of the phenomenon, 
and out of what, in some shape or other, had been 
before men's eyes from the beginning of the world, 
his powerful genius extractea the most important 
results. 

The invention of pendulum clocks took place about 
the middle of the seventeenth century; and the ho- 
nour of the discovery is disputed between Galileo and 
Huygens. Becher contends for Galileo, and states 
that one Trifler made the first pendulum clock at Flo- 
rence, under the direction of Galileo Galilei, and that 
a model of it was sent to Holland. The Accademia del 
C^ento also expressly declared, that the application 

c2 
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of the pendulum to the moveyent of a clock, was first 
proposed by Galileo, and put in practice by his son, 
vincenzo Galileo, in 1649. Huygens, however, con- 
tests the priority, and made a pendulum clock before 
1658 ; and he insists, that if ever Galileo bad enter- 
tained such an idea, he never brought it to perfection. 
Beckmann says the first pendulum clock made in 
England, was constructed in the year 1662, by one 
Tromantil, a Dutchman ; but Grignon affirms that the 
first pendulum clock was made in England, by Robert 
Harris, in 1641, and erected in Inigo Jones's church 
of St. Paul, Covent-garden. 

Why does the pendulum move faster in proportion as 
its journey is longer ? 

Because, in proportion as the arc described is more 
extended, the steeper are its beginning and ending ; 
and the more rapidly, therefore, the pendulum falls 
down at first, sweeps along the intermediate space, and 
stops at last. — Arnott. 

Why is it extremely difficult to af certain the exact 
length of the pendulum? 

Because of the various expansion of metals, respect- 
ing which no two pyrometers agree ; the changeable 
nature of the atmosphere ; the uncertainty as to the 
true level of the sea ; the extreme difficmty of mea- 
suring accurately the distance between the point of 
suspension and the centre of oscillation, and even of 
finoing Uiat centre ; also the variety of terrestrial at- 
traction, from which cause the motions of the pendulum 
are also liable to variation, even in the same latitude. 
In pursuing his researches, Capt Eater discovered that 
the motions of the pendulum are affected by the nature 
of the strata over which it vibrates. 

Why does the force of gravity determine how long the 
pendulum shall he in falling to the bottom of its arc, 
and how long in rising? 

Because we ball of &e pendulum may be considered 
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as a body descending by its weight on a slope ; a change 
in the force of grayity, therefore, would at once alter 
the rates of all the clocks on earth. — Amott 

Why is the regulator of a watch merely a pin which 
hears against the balance-spring P 

Because it slides backwards and forwards, so as to 
shorten or lengthen the part of the spring left free to 
bend, thus changing the degree of its stiffness ; and, 
as the motion of the pendulum has relation to the 
force of gravity, so has the motion of the balance- 
wheel to die stiffness of the balance-spring. 

Why do persons walking arm-in-arm, shake each other 
unless their steps correspond ? 

Because the centre of gi-avity in each body comes 
alternately over the right and over the left foot. 

Why are certain metals malleabley or reducible into 
thin plates or leaves by hammering P 

Because their atoms cohere equally in whatever 
relative situation they happen to be, and therefore 
yield to force, and shift about among each other, 
almost like the atoms of a fluid, without fracture or 
change of property. 

Gold is remarkably malleable, for it may be reduced 
to leaves of the thinness of 282,000 to the inch. For 
gold-beaters the metal is first formed into rods, these 
are afterwards rolled or flattened into ribands, the 
riband is cut into portions, which are extended by 
hammering to great breadth and thinness, and which 
being again divided into portions, are hammered and 
extended to the thinness described. 

Why are the steel chisels and tools used for cutting 
metals so frequently broken ? 

Because, requiring to be exceedingly hard, they 
proportionally lose, in regard to the extent of their 
elasticity. Cast iron, which is much harder than 
malleable or wrought iron, is very brittle, while soft iron 
and steel are the toughest things in nature. — Anwtt, 

c3 
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Why does a smithy by hammering a piece of bar-irony 
render it red hot? 

Because he thereby compresses the metal. When 
air is violently compressed, it becomes so hot as to 
ignite cotton and other substances. An ingenious in- 
strument for producing light for domestic uses has 
been constructed, consisting of a small cylinder, in 
which a solid piston moves air-tight : a little tinder, 
or diT sponge, is attached to the bottom of the piston^ 
which is then violently forced into the cylinder: the 
air between the bottom of the cylinder and the piston 
becomes intensely compressed, and evolves so much 
heat as to light the tinder. — Lardner, 

Why is the iron rim of a coach wheel heated before 
patting on ? 

Because the expansion of the metal occasioned by 
the heat, facilitates the operation of putting on the 
iron, while the contraction which follows, brings the 
joints of the wooden part together ; and thus, binding 
the whole, gives great strength to the wheel. 

Why does a bottle of fresh toater, corked and let down 
30 or 40 feet into the sea, often come up again with the 
water stUtish, although the cork be still in its place ? 

Because the cork, when far down, is so squeezed as 
to allow the water to pass in or out by its sides, but on 
rising it, resumes its rormer size. 

Why do bubbles rise on a cup of tea when a lump 
of sugar is dropped into it ? 

Because the sugar is porous, and the air which 
filled its pores then escapes to the surface of the tea, 
and the liquid takes its place. 

Why are stalactites formed in the interior of caverns P 
Because water percolates through their porous sides 

and roofis, and bemg impregnated with calcareous and 

other earths, assumes pendant forms. 

Why is there an opening in the centre of the upper 

stone of a com mill p 

Because through this opening the grain is admitted 
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und kept taming round between the stones, and is al- 
ways tending and travelling outwards, until it escapes 
as flour from the circumference. 

Why does a horse in the circus lean to the centre P 
Because, when the horse mores round with the per- 
former standing on the saddle, both the horse and 
rider incline continually towards Ihe centre of the 
ring, and the inclination increases with the velocity of 
the motion : by this inclination their weights coun- 
teract the effect of the centrifugal force. 

Why does water remain in a vessel which is placed 
in a sling and made to describe a circled 

Because the water, by its inertia of straightness, or 
centrifugal (or centre-flying) force, tends more away 
from the centre of motion towards the bottom of the 
vessel, than towards the earth by gravity. 

Why does a spinning top stand P 

Because, while the top is perfectly upright, its point, 
being directly under its centre, supports it steadily, 
and although turning so rapidly, has no tendency to 
move from the place ; but if the top incline at all, the 
side of the peg, instead of the very point, comes in 
contact with the floor, and the -pes then becomes a 
little wheel or roller, advancing quicldy, and, with its 
touching edge, describing a curve somewhat as a 
skaiter does, until it becomes directly imder the body 
of the top as before. It thus appears that the very 
fact of the top inclining, causes the point to shift its 
place, and so that it cannot rest until it come again 
directly under the centre of the top. — Amott. 

Why is a rocking-stone so called P 

Because it consists of an immense mass, loosened 
in some convulsion of nature, and with a slightly 
rounded base resting on a flat surface of rock below, 
which is so nearly balanced, that one individual can 
move or rock it. This arises from the rounded body 
being disturbed from its middle position, and its centre 
of gravity seeking to return. 
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Of these rocks, called Loggan or Laggan stones, 
there are several among the picturesque barriers of the 
British coast. 

Dr. S. Hibberthas very recently described a natural 
rocking-stone of granite, near the village of Loubeyrat, 
in the province of Auvergne, France. This stone ap- 
pears to have been an object of religious worship, for, 
on the top of it were two figures, a cross, and a pedestal. 
Under the figures the word pardon is traceable, and 
other letters which probably alluded to the number of 
days of pardon which the cross gave to the venerator. 
The natural phenomenon of the rocking-stone proba- 
bly became an object of superstitious veneration to its 
neighbourhood, and the figures and cross were the 
adoring tributes of the natives. Dr. Hibbert, how- 
ever, thinks that the particular use to which rocking- 
stones were applied will ever remain in obscurity : ^ as 
they are products of every country where loose de- 
tached rocks of a particular structure have been sub- 
mitted to the operation of atmospheric agents, it is to 
be expected that the fables assigned to their origin 
would be regulated by the peculiar mythology of the 
people among whom they have become the object of 
notice and wonder." 

Whtf have all shot manufactories lofty towers^ as seen 
on the southern bank of tfie Thames P 

Because, in the manufacturing of shot, the liquid 
metal is allowed to fall like rain from a great eleva- 
tion, as through these towers, and the cohesive princi- 
ple gives rotundity to grains of shot. In its descent, 
the drops become truly globular, and before they reach 
the end of their fall they are hardened by cooling, so 
that they retain their shape. 

Why does a porter lean forward when carrying a 
load P 

Because his position must be regulated by the 
centre of gravity of his body and the load taken toge- 
ther. If he bore the load on his back, the line of direc- 
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tion would pass beyond his heels, and he would fall 
backwards. To bring the centre of ffravity over his 
feet he accordingly leans forward. — If a. nurse carry a 
child in her arms, she leans back for a like reason. 

Why does a young quadruped walk much sooner than 
a child F 

Because a body is tottering in proportion to its great 
altitude and nanow base. Now, the child has this 
latter, and learns to walk but slowly, because of the 
difficulty, perhaps in ten or twelre months, while the 
young of quadrupeds, having a broad supporting base, 
aire able to stand, and even to move about almost im- 
mediately : but it is the noble prerogative of man to be 
able to support his towering figure with great firmness, 
on a very narrow base, and under constant change of 
attitude . — AmotU 

Why are the ^safety coaches" built with the wheels 
far apart f and the luggage-receptacles beneath the bodyP 

Because they may have a broader base, and thus be 
less liable to overturn. 

Why do builders use the plummet, or plumb-line P 
Because, when applied to a body, it is a visible in- 
dication of the line of its centre of gravity. 

Why do certain structures remain secure, although 
they have lost their perpendicularity P 

Because the line of their centre of gravity remains 
within the base. The famous tower of Pisa was built 
intentionally inclining, to frighten and surprise ; it is 
130 feet high, and overhangs its base 16 feet. At 
Bologna are two celebrated leaning towers, one of 
which, the Asinelli, is 350 feet high, and 3^ feet out of 
the perpendicular. The other, the Garisenda, is about 
130 feet in height, and inclines 8 feet from the per- 
pendicular. Montfaucon, the celebrated antiquary, 
attributes the leaning of these towers to the sinking of 
the earth. He says, it appears, upon examination, 
that when the Garisenda tower bowed, a great part of 
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it went to ruin, because the ground that the inclined 
side stood on was not so firm as the other, which 
may be said of all other towers that lean so ; for 
** besides these two here mentioned, the tower for the 
bells of St. Mary Zobenica, at Venice, leans considera- 
bly to one side. So also at Ravenna, I took notice of 
another stooping tower, occasioned by the ground on 
that side giving way a little. In the way from Ferraia 
to Venice, where the soil is marshy, we see a structure 
of great antiqui^ leaning to one side. When the 
whole structure of the Garisenda stooped, much of it 
fell, as appears by the top." 

The Monument, near London Bridge, inclines so 
much that timid people sometimes doubt its stability, 
and some, years since its fall was a point of discussion. 
Salisbury and other of our cathedral spires or to wers have 
lost something of their perpendicularity ; Chesterfield, 
in Derbyshire, is proverbial for its zig-zag or wry spire. 

The Monument is of the Doric order, and rises from 
the pavement to the height of 202 feet, containing 
within its shaft a spiral stair of black marble of 345 
steps; the plinth is 21 feet souare. It was begun in 
1671, but was not completed till 1677; stone being 
scarce, and the restoration of London and its cathedral 
swallowing up the produce of the quarries. Mr. 
Elmes, in nis Life of Sir Christopher Wren, the archi- 
tect, tells us that the Monument was " at first used 
by the members of the Royal Society for astronomical 
experiments, but was abandoned on account of its 
vibrations being too great for the nicety required in 
their observations. This occasioned a report that it 
was unsafe; but its scientific construction may bid 
defiance to the attacks of all but earthquakes for cen- 
turies." The more recent fear of its instability was 
therefore only a revival of this alarm ; which probably 
obtained some credence among weak persons, from its 
being erroneously attributed to FeUows of the Royal 
Society. 
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Why is it phyncally advantageous to turn out the 
toes? 

Because the supporting base of a man consists of 
the feet and the space between them ; and turning out 
the toes, -without taJcing much fiom the length of the 
base, adds a good deal to the breadth. — Amott, 

Why do very fat people usually throw back their 
head and shoulders F . 

Because, by so doing, they keep the centre of gravity 
of the body over the base. 

SIMPLE MACHINES. 

Why have the " simple machineSy^ as the lever, wheel 
and axle, plane, wedge, screw, and pulley, been long 
called the " mechanic powers ?" 

Because they were first used to raise great weights, 
or overcome great resistances. Hence the common 
error in supposing that they generate force, or have a 
sort of innate power for saving labour ; whereas, nei- 
ther simple machines nor mechanic powers save la- 
bour, in a strict sense of the phrase. 

Why, then, are these machines advantageous P 
Because they allow a small force to take its time to 
produce any requisite magnitude of effect. Thus, one 
man's efibrt, or any small power, which is always at 
command, by working proportionally longer, will an- 
swer the purpose of Qie sudden effort of many men, 
even of hundreds or thousands, whom it might be 
most inconvenient and expensive, or even impossible 
to bring together. 

Why are there so many vain schemes for perpetual 
motions, and new mechanical engines of power ? 

Because the projectors do not understand the great 
truth, that no form or combination of machinery ever 
did or ever can increase, in the slightest degree, the 
quantity of power applied. Hence the futility of sup- 
posing that a lever, or great pendulum, or spring, or 
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heavy fly-wheel, &c. can ever exert more force than has 
passed into it £rom some source of motion. — Amott. 

THE LEVER. 

Why is a beam or rod of any kindy resting at one pari 
on a frop or axis, which becomes its centre ofmotianj a 
lever P 

Because such a contrivance was first employed to 
lift {levarcy Latin) weights. 

The lever, in mechanics, compensates power by space, 
and what is lost in power is gained in time. If the 
lever be 17 feet long, and the pivot or fulcrum be a 
foot from one end, an ounce pliBiced on the other end 
will balance a pound placed on the near end. If, in- 
stead of an ounce, we place upon the long end the 
short end of a second beam or lever, supported by a 
fulcrum one foot from it, and then place me long end 
of this second lever upon the short end of a third lever, 
whose fulcrum is one foot from it ; and if we put upon 
the end of this third lever's long arm an ounce weight, 
that ounce will move upwards a pound on the second 
lever's long arm ; and this moving upwards, will cause 
the short end to force downwards 16 pounds at the long 
end of the first lever, which will make the short end 
of the first lever move upwards, although 256 pounds 
be laid upon it. The same effect continuing, a pound 
on the long end of the third lever, will move up a ton 
and three quarters at the short end of the first lever, so 
that the touch of a child's finger will move as much 
as two horses can draw. — Notes in Science. 

Why did Archimedes reasonably enough say, " Gfive 
me a lever long enough, and a prop strong enough^ and 
with my own weight I will mow the ivorld?'*^ 

Because there is no limit to the difference of in- 
tensity in forces, which may be placed in opposition to 
each other by the lever, except tne length and strength 
of the material of which the levers must be formed. 
But he would have required to mo^e with the velocity 
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of a cannon-ball for millions of ages, to alter the po- 
sition of the earth by the small part of an inch. This 
feat of Archimedes is, in mathematical truth, performed 
by every man who leaps from the ground, for he kicks 
the world away when he rises, and attracts it again 
when he falls back. — Amott. 

Why is a finger caught near the hinge of a shutting 
door so much injured P 

Because the centre of action of the door moves 
through a space comparatively great, and acts with a 
^eat lever-advantages on a resistance placed near the 
fulcrum of the lever where there is little motion. 
Children pinching their lingers in this way, or in the 
hinge of the fire-tongs, where tliere is a similar action, 
wonder why the bite is so keen. 

Why have pincers, or forceps such extraordinary 
poiver P 

Because they are double levers, of which the hinge 
is the common prop or fulcrum. Dr. Amott thus illus- 
trates the advantages of this machine : — In drawing a 
nail with steel nippers, we have a good example of the 
advantages of using a tool ; 1. The nail is seized by 
teeth of steel, instead of by the soft fingers; 2. Instead 
of the griping force of the extreme fingers only, there 
is the force of the whole hand conveyed through the 
handles of the nippers ; 3. The force*is rendered, per- 
haps, six times more effective by the lever length of 
the handles-; and, 4. By making the nippers, in draw- 
ing the nail, rest on one shoulder as a fulcrum, it re- 
quires all the advantages of the lever or claw-hammer 
for the same purpose. 

Why do lofty sails often cause open boats to upset ? 

Because the mast and sails set upon it are as a long 
lever, having the sails as the power, turning upon the 
centre of buoyancy of the vessel as the fulcrum, and 
lifting the balance or centre of gravity as the resist- 
ance. 

PART VII. D 
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Why may a boy, who cannot exert a direct force of 
50lbs., by means of a claiv-hammerj extract a naily to 
which half a ton might be suspended P 

Because his hand, perhaps, moves through eight 
inches, to make the nail rise one quarter of an inch. 
The claw-hammer also proves, that it is of no conse- 
quence whether the lever be straight or crooked, pro- 
vided it produces the required difference of velocity 
between power and resistance. The part of the ham- 
mer resting on the plank, is the fulcrum, or prop. 

Why does a combination of levers produce such extra- 
ordinary power ? 

Because if a lever, which makes one balance four^ 
be applied to work a second lever which does the same, 
one pound at the long arm of the first, will balance 
sixteen pounds at the short arm of the second lever, and 
would balance sixty-four at the short arm of a third 
such, &c. — Amott. 

WHEEL AND AXLE. 

Why is motion transmitted through a train of wheel- 
work by the formation of teeth upon the circumference 
of the wheels F 

Because the indentures of each wheel fall between 
the corresponding ones of that in which it works, and 
ensure the action so long as the strain is not so great 
as to fracture the tooth. 

Why is a heavy wheel sometimes used as a concen- 
trator offorce^ or a mechanic power ? 

Because, by means of a winch, or a weight, or 

otherwise, motion or momentum is gradually accu- 

^mulated in the wheel, and is then made to expend 

itself in producing some sudden and proportionally 

great effect 

The coining-presses of the Royal Mint are thus im- 
pelled by a fly-wheel, and generally complete a coin 
bv one blow ; and they strike, upon an average, 60 
blows in one minute ; the blank piece, previously pre- 
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pared and annealed, hemg placed between the dies 
\>j part of the same mechanism. The number of pieces 
which may be struck by a single die of good steel, 
properly hardened and tempered, not unfrequently 
amounts, at the Mint, to between 3 and 400,000. 
There are eight presses frequently at work for ten 
hours each day, and each press produces 3,600 pieces 
per hour ; but, making allowances for occasional stop- 
pages, we may reckon the daily produce of each press 
at 30,000 pieces; the eight presses, therefore, will 
famish a diurnal average of 240,000 pieces. 

Why is it an error to account the fly-wheel a positive 
pmeerr 

Because, in common cases, it merely equalizes the 
effect of an irregular force. Thus, in using a winch 
to turn a mill, a man does not act with equal force all 
round the circle; but a heavy wheel, fixed on the 
axis, resists acceleration and receives momentum, 
while his action is above par, and returns it again 
while bis action is below par, thus equalizing the 
movement. Again, in circular motion produced by a 
crank, wben by the pressure of the foot on a treadle, 
we turn a lathe, or grindstone, or spinning-wheel, the 
force is only applied during a small part of the revolu- 
tion, or in the form of interrupted pushes, yet the 
motion goes on steadily, because the turning grind- 
stone, or wheel, or lathe, merely becomes a fly and re- 
servoir, equalizing the effect oi the force. 

Wkj/ is t?ie common winch in principle a wheel ? 

Because the hand of the worker describes a circle, 
and there is no difference in the result, whether an 
entire wheel be turning with the hand, or only a single 
spoke of the wheel. 

Why is a man on a treadmill compelled to keep per^ 
petually moviny F 

Because, being placed at the circumference of the 
wheel, his weight turns it, and he must move forward 

o 2 
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as fast as the wheel descends, so as to maintaiii his 
position continually at the extremity of the horizontal 
diameter of the wheel. 

The invention of the treadmill is, by some persons, 
said to have been derived from a squirrel in a cylin- 
drical wire cage. 

WHEEL CARRIAGES. 

Why have wheel carriages been advantageously suh- 
stitutedfor sledges P 

Because the rubbing or friction, instead of being 
between an iron shoe and the stones and irregularities 
of the road, is between the axle and its busn, which 
have surfaces smoothed and fitted to each other, and 
well lubricated. 

Why does tJie wheel aid the progress of a carriage P 
Because, while the carriage moves forwards, per- 
haps 15 feet, by one revolution of its wheel, the rub- 
bing part, viz. the axle, only passes over a few inches 
of Uie internal surface of its smooth greased bush. 
Again, the wheel surmounts any abrupt obstacle on 
the road, by the axle describing a gently rising slope 
or curve ; and by rising as on an inclined plane, and 
giving to the drawing animal the relief which such a 
plane would bring. — Amott 

Why are wlieels tisually made of a dished fomty that 
isy inclining outwards P 

Because they thus acquire astonishing strength, in- 
deed that of the arch, as contrasted with the flat or 
upright wheel ; the dished form is farther useful in 
this, that when the carriage is on an inclined road, 
and more of the weight consequently falls upon the 
wheel of the lower side, the inferior spokes of that 
wheel become nearly perpendicular, and therefore 
support the increased weight more safely. The dis- 
advantage of these wheels, however, is, that an in- 
clining wheel, naturally describing a curveid path, the 
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hoTses, in drawing straight forward, hare to overcome 
this deviating tendency in aJl the wheels. — AmoU. 

Why are axles made of steely and the parts on which 
they hear of brass ? 

Because friction is universally diminished by letting 
the substances which are to rub each other be of di£ 
ferent kinds. The swiftness of a skaiter, it may be 
observed, depends much on the dissimilarity between 
ice and steel. 

Why are the fore-wheels of carriages smaller than the 
hind-wheels ? 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to the 
magnitude ; ^e smaller wheel having to rise a steeper 
curve. It is not true, however, according to the 
popular prejudice, that the large hind-wheels of 
coaches and waggons help to push on the little wheels 
before them. — Amott. 

From these causes, continues the same ingenious 
writer, ** the difference in performing the same jour- 
ney of a mile by a sledge and a wheel carriage, is, 
that while the former rubs over every roughness in 
the road, and is jolted by every irregularity, the rub- 
bing part of the latter, the axle, glides very slowly 
over about thirty yards of a smoothed oiled surface, in 
a gently waving line. It is ascertained that the re- 
sistance is thus reduced to 1-1 00th of what it is for a 
sledge." 

Why do springs not only render carriages easy vehi- 
eles on rough roads, but much lessen the pull to tfie 
horses ? 

Because, where there is no spring, the whole load 
must rise with every rising of the road, and must sink 
with every depression, and the depression costs as 
much as the rising, because the wheel must be drawn 
up again from the bottom of it ; but in a spring car- 
riage, moving rapidly along, only the parts below the 

D 3 
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springs are moved, in correspondence with the irregu- 
larities, while all above, by the inertia of the matter, 
have a soft and steady advance. — Amott. 

Again, springs of carriages convert all percussion 
into mere increase of pressure: that is to say, the 
collision of two hard bodies is changed by the inter- 
position of one that is elastic, into a mere accession of 
weight. It is probable, that under certain modifica- 
tions, springs may be applied with great advantage 
to the heaviest waggons. 

In surmounting obstacles, a carriage with its load 
being lifted over, the springs allow the wheels to rise, 
while the weights suspended on them are scarcely 
moved from their horizontal level. 

Whi/ are ^ undersprings ^ so advantageous in very 
modem carriages ? 

Because they insulate from the effects of shocks, 
all the parts, excepting the wheels and axletrees 
themselves. When only the body of the carriage is 
on springs, the horses have still to rattle the heavy 
frame-work below it, over all irregularities. 

Why, in descending a hilly road, is it common to lock 
or fix one of the wheels of a carriage F 

because the friction is then increased, and there b 
less chance of a rapid descent ; the horses having then 
to pull nearly as much as on a level road, wiui the 
wheel free. 

We have noticed a very effectual mode of ** locking " 
the hind wheels of carriages, on the continent, by 
screwing a bar transversely, against the outer rim of 
the wheels ; by this means, the wheels may be either 
partially or wnolly locked, according to a powerful 
screw, in the centre of the bar. This mode is adopted 
by the Paris diligences ; we first noticed it in a Swiss 
calechcy of gpreat streng^. The bar is rather unsight- 
ly, but our excellence in the construction of wheel- 
carriages should not lead us always to look for ele- 
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gance, wliere conyenience is a main point, as in a 
Tehicle for travelling. 

Why should a road up a very steep hilly he made to 
wind or zig-zag all the way? 

Because, to reach a given height, the ease of the 
pnll is greater, exactly as the road is made longer. 

Why is it important to make roads as level as pos- 
sible P 

Because, a horse drawing on a road where tliere is 
a rise of one foot in twenty, is really lifting one twen- 
tieth of the load, as well as overcoming the friction, 
and other resistance of the carriage. — Amott, 

THE WEDGE. 

Why are cutting instruments, knives, razors, the axe, 
^. examples of the wedge. 

Because at the same time that we pull them length- 
wise, we press them directly forward, against the ohject. 
a saw, too, is a series of wedges. 

Why does a razor, (if drawn lightly over tJie hand) 
dart into the flesh; whereas, if pressed against the hand 
with considerable jforce, it will not enter ? 

Because of the vibration of pailicles produced by 
the drawing action, which enables the razor to insinuate 
itself more easily. We witnessed an example, only a 
few days since, when a hon vivant, in a fit of mis- 
chievous extacy, seized a pointless table knife, and 
passed it very lightly down the back of his friend's 
coat. The injury was not immediately seen, but the 
cloth proved cut, from the collar to the waist ; whereas, 
had the knife been heavily pressed against the cloth, the 
coat would have escaped injury, and the gay fellow the 
expense of his folly. 

Why is the wedge so important an agent in the arts 
and manufactures P 

Because it exerts enormous force through a very 
small space. Thus, it is resorted to for splitting masses 
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the weight (let it be supposed ten pounds) is equally 
supported by each end of the rope, and that a man 
holding up one end, only bears half of it, or five pounds; 
but to raise the weight one foot, he must draw up the 
two feet of rope ; therefore, with the pulley, he lifts 
five pounds two feet, where he would have to lift ten 
pounds one foot without the pulley. 

Why have fixed pullies no mechanical advantage? 

Because the weight just moves as fast as the power; 
yet such pullies are of great use in changing the direc- 
tion of forces. A sailor, without moving from the 
deck of his ship, by means of such a pulley, may hoist 
the sail or the signal flag to the top of^the loftiestmast 

W7ty is the pulley on ship-board called a block P 
Because of the block or wooden mass which sur- 
rounds the wheel or wheels of the pulley. Hence the 
machineiy for making these pullies is called block- 
machinery. Of that at Portsmouth, invented by Brunei, 
there is a set of magnificent models in the possession 
of the Navy Board. They consist of eight separate 
machines, which work in succession, so as to begin 
and finish ofi* a two-sheaved block four inches in length. 
Mr. Faraday, in a lecture at the Royal Institution 
in 1829, stated generally, that the block-machinery of 
Portsmouth, by adjustments, could manufacture blocks 
of one hundred different sizes ; could, with thirty men, 
make one hundred per hour ; and, from the time of 
its completion in 1804-5, to that day, had required no 
repairs from Maudslay, the original manufacturer. 
The total cost was i^46,000, and the saving per annum, 
in time of war, was i^2d,000. after allowing interest 
for capital, and paying the expense of all repairs. 

Why is a chair or bucket, attached to one end of a 
rope which is carried over a fixed pulley , used as a fire- 
escape P 

Because a person, by laying hold of the rope on the 
other side, may, at will, descend to a depth equal to 
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half of the entire length of the rope, by continually 
yielding rope on the one side, and depressing the 
backet or chain by his weight on the other.* In this 
case the pulley must be attached to some part of the 
building, or it is recommended that eacn chamber- 
floor of a dwelling-house should have a staple fixed 
near the exterior of a window, to which staple the 
pulley may be attached by a hook. This is, perhaps, 
the simplest fire-escape yet proposed, and we need 
scarcely add, the simpler the means the more likely 
is4t to succeed in extreme danger. 

FRICTION. 

Why is the friction greater betweenpieces of the same 
substance^ than between pieces of different substances^ 
with dissimilar grains ^ 

Because, it is supposed, of the roughnesses, or little 
projections in the former, mutually fitting each other, 
as the teeth of similar saws would. 

" But for friction," observes Dr. Amott, " men walk- 
ing on the ground or payement would always be as if 
walking on ice ; and our rivers, that now flow so calmly, 
would all be frightful torrents." 

Why does the friction of variotts woods against each 
other vary P 

Because of their difi*erent degrees of hardness ; the 
soft woods in general giving more resistance than the 
hard woods; thus, yellow deal affords the greatest, 
and red teak the least friction. Soft metals iJso pro- 
duce greater friction, under similar circumstances, tnan 
those which are hard. — G. Rennie, 

Why is the friction of svirfaees^ when first brought 
into contact J often greater than after their attrition has 
been continued a certain time ? 

Because the smoother the surfaces are the less will 
be the friction, and tibat process has a tendency to re- 
move those minute asperities and projections on which 
the friction depends. But this has a limit, and after 
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a certain degree of attrition the friction ceases to 
decrease. 

Why does smearing the surfaces v?ith unctiMus matter 
diminish the friction ? 

Because it fills up the cavities hetweenthe minute 
projeetions which produce the friction. 

Why has plumbago^ or Mack lead, been substituted 
for oil in clocks and chronometers P 

Because, when mixed with spirit, it readily adheres 
to the surface of a steel pivot, as well as to ihe inside 
of the hole in which it runs, so that the rubhing sur- 
faces are no longer one metal upon another, but plum- 
bago upon plumbago. These surfaces, by their mutual 
action, speedily acquire a polish inferior only to that 
of the diamond, and then the retardation oi the ma- 
chine from friction is reduced almost to nothing, and 
wear and tear from this cause is totally prevented. 

Why are Jewelled holes injurious to the pivots of 
watches and chronometers P 

Because, sooner or later, however perfect tlie po- 
lishing may be, the hard substance of ^e jewel grinds 
and cuts the steel pivot, and the metallic particles 
clog the oil. 

Why is a peculiar metal requisite for pivot-holes P 
Because it must preserve the oil in a fluid state, 
have little friction with the steel pivot, and be in a de- 
gree softer than the pivot, for it is of less consequence 
that the hole be worn than the pivot. Brass is objec- 
tionable, on account of its liability to" rust, and gold 
is too soft for the purpose. Now, an alloy possessing 
the above requisites has lately been discovered by Mr. 
Bennett, watchmaker, of Holbom. It consists of pure 
gold, silver, copper, and palladium, and its small ex- 
pense, compared with that of jewels, is not its least 
recommendation. 
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STRENGTH OF MATERIALS. 

Why U a hollow tube of metal stronger than the same 
quantity of metal as a solid rod? 

Because its substance, standing further from the 
centre, resists with a larger lever. Hence, pillars of 
cast-iron are generally made hollow, that tney may 
have strength, with as little metal as possible. Masts 
and yards for ships have been made hollow, in accord- 
ance with the same principle. 

Why does a plank bend and break more readily than 
a beam, and a beam resting on its edges, bear a greater 
weight than if resting on its side F 

Because the resisting lever is smaller in proportion 
as the beam is thinner. Where a single beam cannot 
be found deep enough to have the strength required 
in any particular case, as for supporting me roof of a 
house, several beams are joined togetfier, and in a 
great variety of ways, as is seen in house-rafters, &c. 
which, although consisting of three or more pieces, 
may be considered as one very broad beam, with Uiose 
parts cut out which do not contribute much to the 
strength. — Amott, 

Why is a beam, when bent by its weight in the middle, 
very liable to break ? 

Because the destroying force acts by the long lever, 
reaching from the end of the beam to the centre, and 
the resisting force or strength acts only by the short 
lever, horn the side to the centre ; while ovlj a little 
of the substance of the beam on the under side is al- 
lowed to resist at all. This last circumstance 4b so 
remarkable, that the scratch of a pin on the under side 
of a plank, resting as here supposed, will sometimes 
suffice to begin the fracture. — Amott. 

Why is a suspension bridge more economical than an 
ordinary, or insistent bridge ? 

Because a suspension-bridge varies its curve so as 
to adapt it to any variation or partial excess in its 

PART VII. E 
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load, in consequeace of which, the strength of the 
chains may, with great precision, be adjusted to any 
required strain, and no more : while, in insistent bridges, 
the liability of the arch to a fatal derangement of its 
form by partial or excessive pressure, requires an enor- 
mous increase of weight and strength, beyond what is 
requisite for the mere support of its load, supposing it 
to be uniformly distributed. — Ainger. 

Why U iron admirably adapted for the construction of 
su^Mnsion bridges P 

because the greater part of the weight of these 
bridges arises f^om the chains themselves, wherefore, 
the best material for the purpose, is that which has 
great tenacity with small weight ; and iron is at the 
same time the most tenacious, and, excepting tin, the 
lightest of the common metals. A square inch of good 
iron requires about 25 tons to separate it, — and it will 
not be stretched or otherwise anected, v^th less than 
half that weight. Rope bridges, have, however, been 
introduced, with the advantages of economy and porta- 
bility, into British India, where a rope-bridge, 160 feet 
in length, is so light and portable, that it has been se- 
veral times set up and removed in a few hours. — Ain- 
ger, 

We may here mention, that Mr. Bevan has found 
the strengm or cohesion of cast-iron, to be upwards of 
30,000 pounds to the square-inch, though much de- 
pends upon the mode of applying the force. 

Why is iron best cemented by cast-iron? 

Because pure iron, when surrounded by and in con- 
tactwith castriron turnings, and heated, is carbonized 
very rapidly, so as to exhibit all the properties of steel. 

Why is heated air now used in smelting iron P 
Because it requires but three-fourths of the quantity 
• of coal requisite, when cold air, that is, air not artifi- 
cially heated, is employed for that purpose ; while the 
produce of the furnace in iron, is at the same time 
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greatly increased. It is supposed, that this improve- 
ment will accomplish a saving in the cost of the iron, 
in Great Britain, to the amount of at least 200,000/. 
a-year. — Jameson, 

Why are piles for bridge-huildijig, driven by great 
weights being suddenly let fall on them ? 

Because uie body of the workman beinff too weak, 
to give a forcible downward push directly, he employs 
a certain time in carrying a weight up to such an 
elevation above his work, that when let fall, its momen- 
tum may do what is required. Here the continued 
efforts of the man in lifting the weight, to a height of 
perhaps thirty feet, may be just sufficient to siiui into 
the earth one inch; and the continuance has, therefore, 
balanced forces, which are to each other in intensity, 
as thirty feet to an inch. — Amott, 

Why does an ill-built bridge generally flatten in the arch? 
Because the builder has not sufficiently attended to 
the effect of the horizontal thrust of the arch on its 
piers. Each arch is an engine of oblique force, push- 
ing the pier away from it. In some instances, one 
arch of a bridge falling, has allowed the adjoining 
piers to be pushed down towards it, by the thrust, no 
longer balanced, of the arches beyond ; and the whole 
structure has given way at once, like a child's bridge, 
built of cards. — Amott. 

The principle of bridge-building is beautifully illus- 
trated by the small toy-models; the stones being repre- 
sented by separate pieces of wood, which the juvenile 
architect is required to form into an arch, or arches. 
It could be wished that the above and such scientific 
toys were better appreciated in England. They seem 
only to suit the caprice of the moment. Thus, the 
Chinese, Indian, and other puzzles, were but the 
favourites of a year, and Dr. Brewster's splendid ka- 
leidoscope was less understood, and more abused, than 
any modem discovery. 

£ 2 
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Why do the great domes of churches resemble simple 
arches ? 

Because they have strength on the same principle, 
being in geneml, strongly bound at the bottom, with 
chains and iron bars, to counteract the horizontal 
thrust of the superstructure ; this binding, in truth, re- 
sembling a pier all round. St. Peter's at Rome, and 
St Paurs in London, are fine examples ; as is also the 
large fir roof of the Basilica of St. Paul's. At Rome, 
the trusses are double, and placed fifteen inches asun- 
der, which gives it, probably, more stability than if 
they were strapped and bound into single masses. 

Why is the Gothic or pointed arch so universally ad- 
mired for its strength and beauty P 

Because it bears the chief weight on its sununit or 
key-stone. Bishop Warburton, in his Divine Legation^ 
supposes the Gothic arch to have been taken from an 
avenue of trees. Hence the " high o'er arching groves," 
and "the verdant portico of woods," of Milton and 
Thomson ; Cowper says. 



'" The groye receive* ns next. 



Between the upright shafts of whose tall elms," &c. 

In Betchworth Park, Surrey, is an avenue of gigantic 
elms: its length is 350 yards, resembling the nave 
of a cathedral ; the trees lorm, on the outside, a vast 
screen or wall of verdure ; within, the branches, meet^ 
ing at a great height in the air from the opposite rows, 
form " Gothic ardies," and exclude every ray of the 
meridian sun. 

Why does the arched form bear pressure so admirably P 
Because, by means of it, the force that would de- 
stroy is made to compress all the atoms or parts at once, 
and nearly in the same degree. The whole substance 
of the arch thei-efore resists, almost like that of a straight 
pillar under weight, and is nearly as strong. 

The strength of the aiched form is exemplified in 
the well-known experiment of bottles, containing only 
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air, and corked, being let down into the sea, and drawn 
up filled with water, and the cork driven in below the 
neck of the bottle. Thus, if the bottle have flat sides, 
and be square-bottomed, it will be broken by the pres- 
sure ; but, if it be round, it will be more likely to resist 
the pressure, and have the cork forced in. The shape, 
in this ca^, is conducive to strength, — ^partaking of tne 
qualities of an arch. 

It is not known at what period the arch was invented , 
but it was comparatively in modem times. The hint 
was probably taken from Nature; arched rocks being 
among the interesting wonders of the earth. At Lewis, 
in the Hebrides, is a stupendous specimen of curved 
gneiss, (a primitive rock, in which metals mostly 
abound) which has the bold symmetry of the Saxon arcn. 
It is a matter of surprise, that, with so many specimens 
in nature, the arched form was not adopted earlier. 
The human skull is another specimen oi the arched 
form ; and the strength thus obtained, explains the un- 
seeming impossibility of breaking an egg by pressing it 
endwise between our hands : again, wha^t hard blows 
of the spoon or knife are often requisite to penetrate the 
shell. '' The weakness of a similar substanee, which 
has not the arched form, is seen in a scale from a 
piece of free-stone, which so readily crumbles between 
the fingers." 

It is generally admitted, that the early Greeks were 
unacquainted with the principle of constructing the 
arch, and that neither the Indians nor Egyptians were 
acquainted with it. In Egypt, however, the monu- 
ments of which country are more ancient probably than 
any other on the face of the globe, the form of the Ro- 
man arch was well known, as is attested by remains of 
passages cut out in stone. Among the ruins of Thebes, 
sun-dried brick-buildings have been found to contain 
constructed arches, which may be referred to an age 
coeval with Thebes itself, as well as to any later pe- 
riod. In the oldest buildings of the Hairan, are round 

e3 
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and pointed arches, cut out and constructed; so that 
the arch may be carried back to the earliest period at 
¥rhich these fertile plains were first peopled by a race 
dwelling in houses; and this we know to have been as 
early as the time of Job, or even before, as, in his day, 
his sons and daughters feasted luxuriously in houses. 
It is not, however, to be necessarily inferred from this, 
that the Romans borrowed the form of the arch, or the 
principle of its constiuction, from the East, since these 
might both have existed in this quarter at an early pe- 
riod, and yet have been discovered in Italy at a much 
later date, without any knowledge of its existence else- 
where. — Abridged from Buckingham's Travels. 

Why is ilie invention of architecture attributed to the 
Egyptians!^ 

Because the Egyptian capitals are a complication of 
orders in one mass, which, if divided, would produce 
numerous hints for new ideas. Thus, from the lotus- 
leaved capitals, it will be acknowledged, that the Doric 
and Corinthian orders have been extrax;ted. The Ionic, 
also, is believed to have originated in Egyot ; fi'om the 
remains of the small temple of Isis, in me island of 
Philse. Isis, is the lo of the Greeks, from whom the 
name of Ionic was no doubt derived; and it is very 
probable, that he who introduced the order gave it that 
name, as having been taken from the temple of the 
goddess. Such is the hypothesis of Belzoni, respecting 
three of the five orders ; the remaining two are thus 
explained : — the Tuscany by inspection, and comparison 
of its component elements, will be found almost the 
same as the Doric, and is evidently derived from it ; 
and the Composite is formed of the proportions and en- 
richments of the Corinthian order, and the angular 
volute of the Ionic. 

Why did the Egyptians erect such stupendous tnonu- 
mentsas the pyramids/* 

Because, it is conjectured, of the policy of the 
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Egyptian rulers, whose plan to prevent the evils of 
oTer-populousness, was, to accustom the lower orders to 
a spare diet, and employ them in the construction of 
huge edifices, destined for tombs, or the temples of re- 
ligion. Hence, the pyramids and excavated temples, 
which still excite the wonder of the world, and prove 
what may be effected by the aid of the simplest ma- 
chinery, — with time, numbers, and perseverance. — 
Belzoni. 

Why do the more ancient Egyptian monuments ex- 
ceed the later in design and execution? 

Because, among the Egyptians, every thing advanced 
to a certain point of perfection ; — ^there stopped, never to 
advance, but rather to recede. — Belzoni, 

Why are light-houses built of a circular form P 
Because, partaking of the properties of the arch, it 
best enables them to withstand the fury of tempests, 
from every quarter. The Eddystone light-house, built 
by Mr. Smeaton, the English engineer, is a splendid 
triumph of this principle. 

Why were mirrors first used for reflecting light- 
houses F 

Because of the following trivial circumstance. 

At a meeting of a society of mathematicians, at Li- 
verpool, one of the members proposed to lay a wager, 
that he would read a paragraph of a newspaper, at ten 
yaids distance, with the light of a farthing candle. 
The wager was laid, and the proposer covered the in- 
side of a wooden dish with pieces of looking-glass, 
fastened in with glazier's putty, — ^placed his reflector 
behind the candle, and won his wager. One of the 
company marked this experiment with a philosophic eye. 
This was Capt. Hutchinson, the Dock-master, with 
whom originated the Reflecting Light-houses, erected 
at Liverpool, in 1763. 

The revolving lights, as at Calais, are an improve- 
ment upon this invention. Lieutenant Drummond's 



44 KNOWLEDGE FOR THE PEOPLE. 

ingenioas application of ignited lime to the illumina- 
tion of light-nouses, a brilliant discovery of the present 
day, has been already noticed.* 

JVhy is hempen-rope preferable to iron-chain for the 
scale of a weighing beam? 

Because the rope resists a greater weight falling into 
the scale than is resisted by the chain, and is alU^e- 
ther stronger than the chain : the hemp yields by its 
elasticity, and continues its resistance through a con- 
siderable space and time, — and thus at last gradually 
overcomes the momentum ; while the iron, by not yield- 
ing, either requires to be strong enough to stop the 
mass suddenly, or breaks. 

Why are chain cables stronger than those of hemp or 
ropeF 

Because the chain, by its weight, hangs as a curve 
or inverted arch in the water, while the rope being 
nearly of the weight of water, is supported by it, and 
becomes almost a straight line from the anchor to the 
ship ; and when a great wave dashes against the ship, 
the straight rope can only yield by the elastici^ of its 
material, and, comparatively, therefore, a little way ; 
but the bent chain will yield until it be drawn nearly 
straight, and by this greater latitude of yielding, and 
consequent length of resistance, it will stand a greater 
shock. — Amott, 

Why is British oak more dwrabU than that of North 
America P 

Because variable weather, as in Britain, conduces to 
fiimness, whereas, the hot summers of North America 
impoverish its growth. 

Why is steaming pr^udidal to timber P 
Because the heat and moisture together, always 
weaken that constituent principle of the timber, upon 
which its strength and aurability in a great measure 
depend. 



• See Popular Chemistry, page SO. 



MECHANICS. 45 

Why is steaming indispensable for ship-building? 
Because the planks cannot be otherwise curved or 
twisted, as in the bends of the hull of the yessel. 

To give an idea of the enormous quantity of timber 
necessary to construct a ship of war, we may observe, 
that 2,000 tons, or 3,000 loads, are computed to be re- 
quired for a seventy-four. Now, reckoning fifty oaks 
to the acre, of 100 years standing, and the quantity in 
each tree at a load and a half, it would require forty 
acres of oak-forest to build one seventy-four; and the 
quantity increases in a great ratio, for ihe largest class 
of line-of-battle-ships. A first-rate man-of-war requires 
about 60,000 cubic feet of timber, and uses 180,000 
pounds of rough hemp, in the cordage and sails for it 
The average duration of these vast machines, when 
employed, is computed to be fourteen years. It is sup- 
posed, that all the oaks now in Scotland, would not 
build two ships of the line. In Sweden, all the oak 
belongs to the king, or the proprietors of estates can 
only dispose of it to government; so that, when not 
wanted for the navy, it is often left to decay, and in- 
deed, is generally much neglected. 

Why is teak wood superior to oak ^ 

Because it is stronger and more buoyant. Its dura- 
bility is more decided; and, unlike the oak, it may be 
put in use almost green from the forest, without danger 
of wet or dry rot. The oak contains an acid which 
corrodes and destroys iron ; the teak, on the contrary, 
possesses an essential oil which preserves iron. 

Why are beech and elm good timber for the louder 
keels of ships, and the piles of bridges ana harbours P 

Because both, when under water, are extremely 
dumble ; though neither stand the efiects of the at- 
mosphere. 

Why is fir preferable to oak for common building p 
Because it is lighter, far more elastic, more easily 
worked, straighter, and of much greater length. The 



46 KNOWLEDGE FOR THE PEOPLE. 

best that comes in the form of deals, is from Christiana 
and Frederickstadt, chiefly on account of the vast su- 
periority of the saw-mills mere. 

Wliy was chesnut used in ancient roofs P 
Because of jts lightness and durability . The largest 
roof of the ancient construction is that of Westminster 
Hall, which is of chesnut. The support of every piece 
of timber is apparent ; and the only strain which ap- 
pears directly across the timber is on the boards and 
rafters between the great trusses; and it does not 
appear to be in the least decayed, although constructed 
four hundred and fifty years since. 

COALS AND GUNPOWDER. 

Why are coals so froduetive of grand mechanical 
effects? 

Because of their great hidden powers, which we 
can at pleasure call into action. Thus, it it is well 
known to modem engineers, that there is virtue in a 
bushel of coals, properly consumed, to raise seventy 
millions of pounds weight a foot high. This actually 
is the average effect of an engine at this moment work- 
ing in Cornwall. The Menai Bridge, one of the most 
stupendous works of art that has been raised by man 
in modem ages, consists of a mass of ircm not less than 
four millions of pounds in weight, suspended at a 
medium height of about 120 feet above the sea. The 
consumption of seven bushels of coal would suffice to 
raise it to the place where it hangs. 

The great pyramid of Egypt is composed of granite. 
It is 700 feet in the side of its base, and 500 in per- 

fendicular height, and stands on eleven acres of ground, 
ts weight is, therefore, 12,760 millions of pounds, at a 
medium height of 125 feet; consequently, it could be 
raised by the effort of about 630 chaldrons of coal, a 
quantity consumed in some foundries in a weeL — 
J» F. HerscheL 
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Why is gunpowder another important source of me" 
chanical power ? 

Because of the tremendous force which it exercises 
in certain operations, as blasting rocks, &c. in die 
progress of mechanical works. Thus, in the progress 
of cutting the Delaware Canal, four kegs of gunpow- 
der, containing about lOOlb. were, in 1829, used for a 
single blast, and had the effect of rending in pieces 
more than 400 cubic yards of rock.* 

Yet it is only when we endeavour to confine gun- 
powder, that we get a full conception of the immense 
enei^ of that astonishing agent. In Count Kumford's 
experiments, twenty-eight grains of powder in a small 
cylindrical space which was just filled, tore asunder a 
. piece of iron which would have resisted a strain of 
400,000 pounds, applied at no greater mechanical dis- 
advantage. 

BALANCES. 

Why are toe enabled to determine the relative weight 
of a hody^ compared with the vmght of another body, 
assumed as a standard, by means of the balance ? 

Because the balance consists of an inflexible rod or 
lever, called the beam, furnished with three axes; 
one, the fulcrum, or centre of nnotion, situated in the 
middle, upon which the beam turns, and the other two 
near the extremities, and at equal distances from the 
middle. These last are called the points of support, 
and serve to sustain the pairs or scales. These points 
and the fulcrum are in the same ri^ht line, and the 
centre of gravity of the whole should be a little below 
the fulcrum, when the position of the beam is hori- 
zontal. The arms of the lever being equal, it follows. 



* By wayofpaxallel with this effect, though prodaced by different 
means, we may mention that in 18s25 there was opened in Cochin- 
China, a canal twenty-three miles long, eighty feet wide, and twelve 
feet deep. It was begun and finished in six weeks, although carried 
through large forests, and over extensive marshes. Twenty thousand 
men were at work upon it day and night ; and it is said that seven 
thousand died of fktigue. 
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that if equal weights be put into tbe scales, no effect 
will be produced on the position of the balance, and 
tbe beam will remain horizontal. If a small addition 
be made to the weight in one of the scales, the hori- 
zontality of the beams will be disturbed ; and, after 
oscillating for some time, it will, on attaining a state 
of rest, form an angle with the horizon, the extent of 
which is a measure of the delicacy or sensibility of the 
balance. 

Why should not the weights of a balance he Umched 
hy the hand P 

Because that would not only oxydate the weight, 
(or cause it to rust) but by raising its temperature, it 
would appear lighter when placed in the scale-pan, 
than it should do, in consequence of the ascent of the 
heated air. For the large weights, a wooden fork or 
tongs should be employed ; and for the smaller, a pair 
of forceps made of copper ; this metal possessing suffi- 
cient elasticity to open the forceps on their being re- 
leased from pressure, and yet not opposing a resistance 
sufficient to interfere with that 4elicacy of touch, which 
is desirable in such operations. — Kater. 

Why does one weight alone serve to determine a great 
variety ofotherSy hy the steelyard? 

Because the steelyard is a lever, having unequal 
arms, and by sliding the weight along the longer arm 
of the lever, we thus vary its distance from the ful- 
crum, taken in a reverse order ; consequently, when a 
constant weight is used, and an equilibrium esta- 
blished, by sliding this weight on the longer arm of 
the lever, &e relative weight of the substance weighed, 
to the constant weight, will be in the same proportion 
as the distance of the constant weight from uie ful- 
crum is to the length of the shorter arm. 

Why is the spring steelyard in very general use P 
Because of its portability ; as a spring that will as- 
certain weights from one pound to fi%, is contained 
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in a cylinder only 4 Inches long and f inch diameter. 
To use this instrument, the substance to be weighed is 
sui^nded by a hook, the instrument being held by a 
ring passing through the rod at the other end. The 
spring then suffers a compression, proportionate to the 
iveight, and the number of pounds is indicated by the 
division on the rod, which is cut by the top of the 
cylindrical tube. — Kater. 

The dial weighing machine is a modification of the 
same principle, connected with hands on a djal or 
dock-race to denote the weight. 

WATER. 

Why do water-wheeU vary in their construction P 
Because of the different ways in which the mecha- 
nical force of the liquid is intended to be applied. 

Why are certain of these wheels called overshot ? 

Because the water by which they are impelled de- 
scends from its level to a lower one ; its weight during 
the descent (falling, as it were, over the wheel) caus- 
ing the wheel to turn. That this may be possible, it is 
only necessary that there should be a sufficient supply 
of water at the superior level, and that there shoula be 
a means of carrying it off after its descent, so as to 
prevent, by its accumulation, the equalization of the 
two "levels. Hence the necessity of flood-gates in a 
mill course. On the circumference of the wheel the 
weight of the water is made to act in its descent, in a 
direction as nearly as possible at the right angles to 
the spokes, or radii; tnis pressure, however, acting 
only at one side of the wheel; thus making the wheel 
revolve, and communicate motion to its axis; and this 
motion being transmitted by wheel-work, and other 
contrivances, to the machinery which it is required to 
work. 

Why are other wheels called undershot ? 

Because the flat or float boards placed at ecjual dis- 
tances on the rim, and projecting from it, m direc- 

PART VII. F 
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tions direr^ne from its centre, are intended to receive 
the impulse of the water as it passes under the wheel. 
The wheel is thereby caused to revolre in the direc- 
tion of the stream, with a force depending on the 
quantity and velocity of the water, and the number, 
form, and position of the float-boards. 

The breast wheel partakes of the nature of the over- 
shot and undershot wheels; like the latter, it has float- 
boards ; but, like the former, it is worked more by the 
weighjt of water than by its impulse. 

The poioer of water on wheels may be thus illus- 
trated. If 100 gallons per minute be equal to a cer- 
tain power with one foot of fall, one gallon per minute 
will perform the same work with 100 feet of faU.* 

Why is the hydrostatic or BrayruJCs press, another 
example of the mechanical agency of vmter p 

Because water, in common with all fluids, possesses 
the power of transmitting pressure equally in every 
direction. In this instance, too, it is materially aidea 
by the mechanical efficacy of the lever. 

Pascal demonstrated this principle and its advan- 
tages, by fixing to the upper end of a cask set upright, 
a veiy long and narrow cylinder. In filling the bar- 
rel, and afterwards the cylinder, the simple addition 
of a pint or two of water, which ^e latter was capable 
of containing, produced the same effect as if the cask, 
preserving its diameter throughout, had its height in- 
creased by the whole length of the cylinder. Thus, 
the increase of weight of a pint or two of water, was 
sufficient to burst the bottom of the hogshead, by the 
immense augmentation of pressure it occasioned. Now, 
if we suppose the water removed from the cylinder of 

* The mechanical force of running water is tremendous. I>iBing 
the great storm and flood in Scotland, in 1839, the river Don fanei a 
mass of 400 or fiOO tons of stones, many of 200 or 300 poonds weight, np 
an inclined plane, rising 6 feet in 8 or 10 yards. A stone of 3 or 4 tons, 
was likewise moved out of a deep pool of the river, 100 yards fixmi its 
place. 
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narrow dimensioiis, and replaced by a solid of equiva* 
lent weight, sach as a piston, it is evident that the 
pressure must remain everywhere the same. Again, 
if we suppose the weight of the piston to be multiplied 
by the power of a lever acting on its shaft, the pres- 
sure will be proportionally augmented, so as to pro- 
duce on the bottom of the cask a pressure equivalent 
to an enormous weight, with the exertion of very little 
primitive force on the piston. — Notes in Science. 

This property of liquids also enables us with great 
facility to transmit the motion and force of one ma- 
chine to another, in cases where local circumstances 
preclude the possibility of instituting any ordinary 
mechanical connexion between the two machines. 
Thus, merely by means of water-pipes, the force of a 
machine may be transmitted to any distance, and over 
mequalities of ground, or through any other obstruc- 
tbns. 

Why is the hydrostatic press more advantageous than 
that worked by a screw P 

Because between solids and fluids there is little or 
no friction ; and, accordingly, in the hydrostatic press 
no force is lost by friction, except what is necessary to 
overcome the friction of the pistons in the cylinaers. 
The loss of power in the screw, by means of friction, 
has already been explained at page 32. 

ANIMAL STRENGTH. 

Wfiy does the rate of steam carriages surpass the ut- 
most stretch of animal power ? 

Because the machine by which they are propelled, 
unlike any animal, rolls along imimpeded in any de- 
gree by the speed of its own motion. 

According to some experiments, recently made by 
Mr. Bevan, to determine the actual force of draught 
of carriages upon common roads, it appears that five 
horses will draw with equal ease the same load upon 
a good hard turnpike road, as thirty-three horses can 

F 2 
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do Upon loose sand. Or, if we assume the value of 
draught, upon a well-formed road in good condition, 
at 6d. per ton per mile, the equivalent price of draught 
will be upon hard turf, 7id.; hard loam 9^.; ordi- 
nary bye-road. Is, 7d. ; newly travelled road, 2$. 2d. ; 
loose sandy road, 3f. Id, — Phiws, Mag. 

The power of some dogs is very extraordinary. Nine 
Esquimaux dogs, belonging to Captain Lyon, dragged 
1611 pounds one mile (1760 yards) in nine minutes, 
and worked in this manner for seven or eight hours 
a day. 

Why is it so disadvantageous to propel hoots on canals 
hy means of horses ? 

Because the expenditure of animal strength takes 
place in a far greater proportion than the increase of 
speed. Thus, if a horse of a certain strength is barely 
able to transport a given load ten miles a day for a 
continuance, two horses of the same strength will be 
altogether insufficient to transport the same load twenty 
miles a day. To accomplish that a greater number of 
similar horses would be requisite. If a still greater 
speed be attempted, the number of horses necessary to 
accomplish it would be increased in a prodigiously 
rapid proportion. This will be evident, if the extreme 
case be considered, viz., that there is a limit of speed 
which the horse, under no circumstances, can exceed. 
In an ordinary canal one horse with a boat will be suf- 
ficient for every thirty tons. 

Why is a man better enabled than a horse to carry a 
a weight up a steep hill ? 

Because the peculiar disposition of the limbs of a 
man, renders him well fitted for this species of labour; 
whereas it is the worst method in which a horse can 
be employed. It has been observed that three men 
climbing a hill, loaded with lOOlbs. each, will ascend 
with greater speed than one horse carrying SOOlbs. 

The average value of human strength, considered 
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as a mechanical affent, has been variously estimated. 
Desa^oliers considers that a man can raise tJie weight 
of ddOlbs. ten feet bigb in a minute, and continue to 
do so for six lioiirs. Smeaton, however, thinks that 
six good English labourers will be required to raise 
21,141 solid feet of sea-water to the height of four feet 
in four horns. In this case, they will raise yery little 
more than nx cubic feet of fresh water each, ten feet 
high in a minute. The labourers whom Smeaton sup- 
poses to execute this work he considers to be equal to 
twice the number of ordinary men. It would, th#re- 
fore, perhaps, be a fair average value of a man's work 
to estimate it, for a continuance, at l^alf a hogshead 
of water raised through ten feet in a minute. 

The efforts of men differ with the manner in which 
these efforts are employed. It has been shewn by 
Mr. R. Buchanan, that Uie same quantities of human 
labour employed in working a pump, turning a wheel, 
ringing a bell, and rowing a boat, are as the numbers 
100, 167, 227, and 248. The most advantageous 
manner of applying human strength is in the art of 
lowing. — ^The strength of an ordinary man walking in 
an horizontal direction, and with his body inclining 
forward, is, however, only eaual to 271b., and it is 
known by experience, that a norse can draw horizon- 
tally as mucn as seven men. 

Why is the power of a steantren^ne expressed in 
horsepower? 

Because this mode was introduced when steam en- 
gines first began to supersede horse mills, when the 
manufacturer naturally inquired how many horses a 
steam-engine would dispense with. Hence tlie ex- 
pression is more practical than scientific. 

The power of a horse is understood to be that which 
will elevate a weight of 33,000^ pounds, the height of 

* Another estfanate veduoes this to only 33,000 pounds, raised one 
foot high in a minute, equiTalent to 100 pounds in two miles and a half 
per hour. 

f3 
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one foot in a minnte of time, equal to about 90 pounds 
at the rate of four miles an hour. This is a force 
greater than that exerted by a common cart horse, 
which is not estimated at more than 70 pounds : that 
is to say, that a horse harnessed to a cart, weighing, 
with its load, forty cwt. or two tons, and drawing on a 
level road at the rate of four miles an hour, makes use 
of the same force, as if his traces, instead of being 
fastened to a cart, were passed over a pulley, and lifted 
perpendicularly a weight of 70 pounds. 

A steam-engine consumes about 20 feet of steam per 
minute for every horse power. — Notes in Science. 

RAILWAYS. 

PTAy are railways more economical than ordinary 
roads r 

Because, to drag a loaded waggon up one inconsider- 
able hill, costs more force than to send it thirty or forty 
miles along a level railway ; and the conclusion fol- 
lows, that although the original expense of forming 
the level line mi^t materially exceed that of making 
an ordinary road, still, in situations of great traffic, the 
difference would soon be paid by the savings ; and 
when once paid, the savings would be as profit ever 
after. — Amott, 

By way of illustrating the great economy of ma- 
chinery, we may observe, that in Sedjah, (where the 
Arabs obtain fine millstones) " their unskilfulness and 
want of proper implements adapted to their labour, 
with the expense of carriage firom the quarry, to the 
place of sale, each stone requiring a single camel, 
(wheel carriages and good roads being entirely un- 
known) occasion an advance above the prime cost at 
which they might be hewn in England, of at least 500 
per cent, each pair of stones costing from ten to twenty 
pounds sterling." —BuekinghanCs Travels, 

Why has a smpension railvmy been represented as 
more advantageous than a ground railroad P 
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Because the fonner takes a straightforward point 
from one town to another, without regard to the sur- 
face of the country over which it has to go, whether 
rising or falling, a perfect level being obtained by 
Taiying the heights of the pillars or piers which sap- 
port the railway ; while its height above the ground 
allows agriculture and commerce to go on under it 
without interruption. The cost of a suspension rail- 
way has been estimated at £1,400 per mile, which is 
about two-thirds less than the average expense of a 
ground railroad. Models of a suspension railway, and 
carriages adapted to it, were recently exhibited in 
London, by Mr. Maxwell Dick, their inventor. 

Why is torought iron preferable to cast iron for 
railways ? 

Because by wrought iron rails we reduce the num- 
ber of joints ; the difficulty of making the rails perfectly 
even at the joints, has also contributed much towards 
the introduction of wrought iron. 

Edge railways were first made of wood, near New- 
castle ; these were next covered with plates of wrought 
iron in the parts most likely to wear. Cast iron was 
subsequently introduced there and elsewhere; and 
wrought iron is now being very generally substituted 
for the cast. 

Wliy has it been proposed to transfer the power of 
fixed and cheap first movers to locomotive camayes^ jrc. 
travelling on common turnpike roads P 

Because the power of a steam-engine, moving with 
the locomotive carriage, is very expensive when com- 
pared to an equal power obtained by a large ordinary 
fixed .engine, a wind or water mill, or other common 
first mover. Mr. Fordham, the originator of this plan, 
proposes to condense air into cylinders, and then to 
use this condensed air as the motive force. 

Why has the application of steam to land carriages 
been so long a favourite project tvith mecJianicians ? 
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Because the transition horn the one element to the 
other appears, at first view, to be so simple aad ea^^ : 
the same mechanical process which tarns the paddle 
wheels of a vessel in the water, would seem quite ade- 
quate to impart a similar motion to the wheels of a 
carriage on land. So early as the year 1769, Mr. 
Watt mentions the practicability of applying it to 
domestic improvement, though it does not appear that 
Watt gave motion to a carriage. Symington, who 
claims the origins^ invention m the steam-boat, had 
previously contrived a similar application for the im- 
pelling of carria^s ; and actually exhibited, in the 
year 1787, in Edmburgh, the fiist model of a steam- 
carriage that was perhaps ever seen. Hence we may 
conclude that the repeated failures in the plan have 
not been occasioned so much by the want of practical 
skill, as by some radical difficulty which had not been 
sufficiently adverted to. 

The steepest inclined planes which, as far as we are 
aware, locomotive engines have attempted to surmount, 
are those on the Bolton and Leigh railway, in Lan- 
cashire. One of these planes is a mile and a half 
long, and rises one yard in thirty. Up the former of 
these the Sum Pareil engine ascended, drawing after 
her her tender carriage with coal and water, two 
waggons loaded with iron, and a carriage with passen- 
gers, making a gross weight drawn, of about fifteen 
tons; with which she moved at the rate of nine 'miles 
per hour. Up the steepest plane (rising 1 yard in 30) 
she drew her tender, and one carriage with passengers, 
the gross weight being about four tons fifteen cwt, 
with which she ascended at a speed of from nine to 
eleven miles per hour; edch of these performances 
being equal to about sixty-five tons drawn on a level. 
— Note to Quarterly Review. 

Why was the difficulty just adverted to greater in the 
land carriage tlian in the boat P 

Because of the resistance to the progress of the 
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carriage by the inequalities and other obstructions on 
the roads. It is not here as in nayigation, where the 
most enormous weights are buoyed up by the liquid 
element, without increasing, in the same degree, the 
resistance to the vessel. Every additional load to a 
land carriage creates an additional resistance, arising 
from inertia, friction, and other such impediments, 
exactly in proportion to its weight. — Quarterly Review. 

Why does the progress of locomotive engines on rail' 
roads appear so extraordinary P 

Because we compare their moving power and resist- 
ance with other moving powers and resistances to 
which our minds have been familiar. To the power 
of a steam-engine, in fact, there is no practical limit ; 
the size of the machine and the strength of the mate- 
tials excepted. This is compared with agents to whose 
powers nature has not only imposed a limit, but a 
narrow one. The strength of animals, as just shown, 
is circumscribed, and their power of speed still 
more so. 

Why are railways vsually laid down in double 
lines F 

Because carriages, moving in opposite directions, 
may pass each other without interfering. In the same 
manner, a third or fourth, or more lines, may be laid 
down, if necessaiy ; and, between them are communi- 
cations, at intervals, by which any carriage overtaking 
another in the same track, may turn aside to one of the 
adjacent lines, and pass it, without stopping either. 

The Chevalier Baader, of Munich, has contrived a 
plan for this purpose, so that no siding planes nor 
turning plates are necessary ; and turning can be per- 
formed almost as quickly and as easily as upon a 
common turnpike road. He has also constructed 
waggons, so that upon a dead level, the power of one 
horse is sufficient to draw with ease, and at a good 
pace, a load of firom twelve to fourteen tons, when 
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divided amongst seyeral carriages linked to^tber. 
The Chevalier also states that he has discovered a new 
principle, by which the power and motion of sta- 
tionary steam-engines, and other machines, esta- 
blished at considerable distances apart, along the 
rail-roads, and worldng without interruption, can be 
imparted to any number of loaded carriages passing 
upon the railway, from one steam-engine or machine 
to another, without the employment of drag-ropes or 
chauis, or, indeed, of any intermediate apparatus; 
and yet with any reasonable degree of velocity. These 
extraordinary statements are made in the Franklin 
Journal, 1830. 

Why are the resistances which occur on a railway 
rather diminished than increased by velocity of motion ? 

Because the quicker we move along, there is the 
less time for the retarding force to operate ; by increas- 
ing the rapidity, we escape, in some degree, from its 
influence, and may really be urged forward with a 
smaller amount of force, provided the machinery be 
adapted to so quick arate of motion. — Quarterly Bmew, 

Why has a tabular boiler, or one composed of welded 
iron pipes, been adopted by Mr. Gumey, in his steam 
carriage P 

Because, even from the bursting of such a boiler, 
there is not the most distant chance of mischief to the 
passengers. Instead of being, as in ordinary cases, 
a large vessel closed on all sides, with the exception of 
the valves and steam conductors, which a high pres- 
sure or accidental defect may burst, Mr. Gumey's 
boiler consists of a horse-shoe of pipes, and the space 
between them is the furnace ; the whole being enclosed 
with sheets-iron. The only possible accident would 
therefore be the bursting oi one of these pipes, and a 
temporary diminution of the steam power, according 
to the proportion the pipe bears to the whole boiler. 

fVhy were two steam cylinders introduced instead of 
one, in the early locomotive engines ? 
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Because, by acting at different parts of the wheels, 
they pioducea a much more regular motion than for- 
merly, and rendered unnecessary a fly-wheel, which 
had nitherto been used. 

Why were the early engines go injurious to the 
railway ? 

Because of their enormous weight, amounting to six 
or eight tons, exclusive of the tender for water and fuel. 
The Rocket, lately constructed by Messrs. Stephenson 
and Co. of Newcastle-upon-Tyne, weighs only four 
tons fire cwt. ; and the Noyelty, by Messrs. Braith- 
waite and Ericson, weighed but two tons fifteen cwt. 

Why is a low chimney desirabley as in the Novelty 
engine P 

Because it enables the proprietors of the railway 
to reduce tiie height of all the bridges under whicn 
the engines must pass, in crossing any of the public 
as well as private roads. It will admit of a deduction 
of seven or eight feet from the height of the mason- 
work in every such bridge. What a saving, then, must 
this produce in tiie original cost of a railway, through a 
cultivated country, where these bridges must frequently 
occur. — Quarterly Review. 

Why is it no longer necessary to lay out railways on a 
perfect level? 

Because engines have already been made to draw 
carriages up inclined planes rising one yard in thirty, 
aud one yard in seventy-two, at the rate of from nine 
to eleven miles an hour. Hence we are enabled to 
vary the levels, and adapt them to the undulating 
nature of the country through which the line passes. 

Why are steam carriages for the conveyance of goods, 
expected to improve the internal intercourse of this cotm- 
try in a very important degree P 

Because it is calculated that tbe carriage of goods, 
whicb is now about 9(2. or lOd. a ton per mile, by 
land, would thus be reduced to 2d. ; and, in point of 
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speed, one day would do the work of four. The 
heaviest commodities, such as com, potatoes, coals, 
&c. would bear the expense of carriage for a hundred 
miles ; the expense of living in great towns would be 
reduced, and the price of raw produce would rise in 
remote parts of the country. 

Again, ** with so great a facility and celerity of 
communication, the provincial towns of an empire 
would become so many suburbs of the metropolis, or 
rather, the effect wou}a be similar to that of collecting 
the whole inhabitants into one city." — Scotsnuin News- 
paper. 

Another great source of revenue and of trade, firom 
this improved mode of intercourse, (observes the 
Quarterly Review) would arise £rom the conveyance 
of those fine goods, parcels of value, and all light 
articles, where speed and certainty are required ; and 
which are now sent, at great expense, by coaches. In 
this manner the seats of the various finer and lighter 
manufactures would be brought almost into imme- 
diate contact with the great markets for their disposal. 
A merchant in London, on receiving any particular 
order, might send either to Nottingham, to Birming- 
ham, or to Sheffield, or even to Manchester or Leeds, 
and have the goods in his shop the next or following 
day, at an expense not exceeding Is, 6d. or 2s. 

Lastly, the rapid circulation of intelligence. The 
mails might travel safely at 25 miles an hour, and 
letters be conveyed between London and Edinburgh, a 
distance of 400 miles, in 18 hours; so that an event 
happening in London, would be known in Edin- 
burgh the same day. 

As an example of the difficulties of internal naviga- 
tion, before the introduction of steam for that purpose, 
it may be mentioned that, on the great river Mis^- 
sippi, which flows at die rate of five or six mOes an 
hour, it was the practice of the boatmen, who brought 
down the produce of the interior to New Orleans, to 
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break up their boats, sell the timber, and afterwards 
return home slowly by land ; and a voyage up the river 
from New Orleans to Pittsburgh, a distance of about 
two thousand miles, could hardly be accomplished, 
with the most laborious efforts, within a period of four 
months. This voyage is now made by steam-boats, 
with ease, in 15 or 20 days; and at the rate of not less 
than five miles an hour. 

Why would steam he advantageotis for "propelling 
ploughs and other agricultural implements P 

Because, independently of the saving of horses and 
their food, the farmer would never be obliged to work 
his soil, but when it was in a proper condition for that 
purpose. Mr. Loudon thinks that to apply steam suc- 
cessfully to agriculture, the engineer ought not to seek 
for a new implement, butsimplv for a convenient loco- 
motive power for propelling the implements already 
in use, modified so as to suit the new impelling power. 

Why are the locomotive engines so advantageous for 
the conveyance of passengers P 

Because they admit a rate of speed that would be en- 
tirely inconsistent with safety, even although it were 
practicable to attain it with animal power. It would 
be still imprudent, however, to adopt the utmost rate 
of thirty miles, because such an unusual rate of velo- 
city, surpassing that of the swiftest horse, would be 
alarming, if it were not dangerous. At the rate of 
twenty miles an hour, however, it might be perfectly 
practicable to travel with the utmost safety and com- 
fort The economy of the plan mm be illustrated as 
follows : — Between Liverpool and Manchester, we may 
safely estimate the number of passengers every day at 
400 each way, and the average fare to be about seven 
shUlings each ; the daily expenditure will amoufit, in 
this manner, to about 28oL By the use of steam- 
coaches, the fares would be reduced to two-shillings 

PART VII. O 
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and sixpence, and would tbus amount only to lOOf. 
per day, maldng a daily saving of 180/., or upwards of 
60,000/. per annum. 

The expense of the Liverpool and Manchester Rail- 
way, is now estimated at upwards of 20,000/. for each 
mile ; the whole cost amounting to 820,000/. 

The rails used on the Liverpool and Manchester road 
are made of forged iron, in lengths of five yards each, 
and weigh thirty-five pounds per yard. Eveiy three 
feet the rails rest on blocks of stone, let into ihfi ground, 
containing each nearly four cubic feet. Into each 
block, two holes, six inches deep, and one inch in dia- 
meter, are drilled; into these are driven oak plugs, 
and the cast-iron chains or pedestals, into which the 
rails are immediately fitted, are firmly spiked down to 
the plugs, forming a structure of great solidity and 
strength. The double lines of rails for the carriages, 
are laid down with mathematical correctness, and con- 
sist of four equi-distant rails, four feet eight inches 
apart, about two inches in breadth, and rising about 
an inch above the surface. In the formation of the 
railway, there have been dug out of the different ex- 
cavations, upwards of three millions of cubic yards of 
stone, clay, and soil. 

THE STEAM-ENOINE. 

Why is heat so important in the production of me- 
chanical agents? 

Because bodies, whether liquid, solid, or aeriform, 
exert a certain degree of mechanical force, in the pro- 
cess of enlarging their dimensions, on receiving an 
accession of heat; and any obstacle which opposes this 
enlargement, sustains an equivalent pressure. This 
force is frequently used as a mechanical agent, and has 
this to recommend it, that it may be produced to al- 
most any degree of intensity, without the expenditure 
of any other mechanical force in its production. 
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It is not requisite to enter theoretioaDj into the pro- 
duction of heat, since the subject has already been po- 
pularly illustrated in the present work.* 

Why is the steanv^ngine much more intelligible than 
its name first siiggestsp 

Because it is in fact only a pump, in which the fluid 
is made to impel the piston, instead of being impelled 
hy it, that is to say, in which the fluid acts as the 
power, instead of being the resistance. It maybe de- 
scribed simply as a strong barrel or cylinder, with a 
closely filled piston in it, which is driven up and down 
by steam, admitted alternately above and below from a 
suitable boiler; while the end of the piston-rod, at 
Avhich the whole force may be considered as concen- 
trated, is connected in any convenient way with the 
vioik that is to be performed. The power of the engine 
is of course proportioned to the size or area of the pis- 
ton, on which the steam acts with a force, according to 
the density, of from 15 to 100 or more pounds to each 
square inch. In some of the Cornish mines, there are 
cylinders and pistons of more than 90 inches in dia- 
meter, on which the pressure of the steam equals the 
efforts of 600 horses. — Amott. 

The steam-engines in England represent the power 
of 320,000 horses, equal to 1,920,000 men, and being, 
in fact, managed by only 36,000 men, add conse- 
quently to the power of our population, 1, 884,000 men. 
The cost of a steam-engine varies according to its 
power. The smaller cost nearly 100/., for each horse 
power, the largest not quite 400/. The consumption 
of coal is rated at one bushel, or 84 pounds per hour, 
for an engine of ten-horse power ; the quantity is some- 
what less in proportion in engines of great power. 

Why is there a large vibrating beam in the steam-en- 
gine P 
Because, one end being connected with the piston- 

• See Part V., Ch bmistry.— Heo<, p. 21 to 36. 
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rod, is pulled down, while the power of the engine is 
applied at the other end to any mechanical purpose. 
Thus, when connected with immense water-pumps, it 
causes almost a riFer of water to gush out from the 
bowels of the earth. 

Why are the improved paddle-wheels of steam-boat* 
made to enter the water sideways? 

Because they give the propelling stroke direct, 
whereas the ordinary wheels press the broad face of 
their paddles on the surface of the water, and thus 
increase the resistance. 

Why are steam-engir^es of such important use in 
mining ? 

Because they speedily raise the water which breaks 
in on the miners. 

The practical adaptation of the steam-engine to me- 
chanical purposes, is considered by Mr. Davies Gilbert 
as due to Mr. Newcomen, whose inquiries were in- 
troduced into Cornwall very early in the last century, 
and soon superseded the rude machinery which had, 
till then, been employed for raising water from mines, 
by the labour of men and horses. 

The various applications of steam power would oc- 
cupy many pages : if we except its adaptation to the 
motion of carriages, perhaps few of its effects are more 
astounding than in the manufacture of iron. Thus, 
there are factories where this resistless power is seen, 
with its mechanic claws, seizing masses of iron, and 
in a few minutes delivering them out again pressed 
into thin sheets, or cut into bars and ribands, as if the 
iron had become soft, like clay in the hands of the 
potter. 

The annual product of the foundries of Messrs. 
Crawshay and Co. in Glamorganshire, is 11,000 tons 
weight of pig-iron, and 12,000 tons of iron in bars. 
A steam-engine of the power of 50 horses, and a water- 
wheel of 60 feet diameter, work the cylindrical blow- 
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iug-machiikes, which are indispensably necessary in 
the use of cohe, aad the other machinery of the works. 
This enormous water-wheel is kept in motion by the 
pressure of 25 tons of water per minute. The esta- 
blishment employs from 1,500 to 2,000 workmen, 
forming, with their families, a population of 4,000 per- 
sons. The sum total of their wages amounts aimually 
to from 70,000/. to 80,000/. 

Such has been the progressive improTcment in the 
steam-engine, that in 1829, the best engine in C(sn- 
wall did ten times the work of any engine in 1778 ; or 
each bushel of coals raised 20,000 gaUcms oi water. 

M. Dupin estimates the steam-engines of France 
equiyalent to the power of 480,000 workmen turning 
a winch ; and it is calculated by the same writer, that 
Great Britain possesses, in steam-engines alone, a 
moYing power equivalent to that of 6,400,000 men 
employed at the windlass. 

Why do high pressure differ from low pressure en- 
gines r 

Because, in high pressure engines the steam is not 
condensed ; but after having acted on the piston, is 
allowed to blow ofif into the air; whereas, in low 
pressure engines it passes into a separate vessel, where 
it is condensed ; on which account, and for other rea- 
sons, low pressure engines do not suit a i*ail-road. 
High pressure engines occupy less room, require less 
fuel than low pressure engines, and their power can 
be increased on emergencies, by merely increasing the 
fire ; but the risk of damage urom explosion is consi- 
derable. Their principal purpose is to save water, 
but this is always abundant in navigation. 

The principle of high pressure steam-engines de- 
pends on the power of steam to expand itself, 5, 10, 20, 
30, 40, &c. times beyond its original bulk, by the 
addition of a given portion of heat, which is effected 
by increasing the pressure. 

g3 
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Under mean pressure, at the temperature of 
212<'. (the boiling point) ihe hull of steam is 1,800 
times that of water ; or, as a ready rule for calcula- 
tion, a cubic inch of water produces about a cubic 
foot of steam. The latent heat of steam is about 960^. 

Why is Brown's Pneumatic Engine a species of steam- 
engine F 

Because its principle is a very sudden expansion 
and condensation, not of the gases used in the opera- 
tion, but of the small quantity of water formed by the 
combustion of the hydrogen, with the oxygen of the 
atmospheric air, admitted into the cylinder at every 
stroke of the engine. The diffei'ence between this and 
a steam engine is, that the elastic and condensable 
fluid is generated at a higher temperature from mate- 
rials admitted into the cylinder itself. The extent of 
the vacuum produced must depend on the tempera- 
ture at which the combustion takes place. — Notes in 
Science. 

Why is the explosive engine so called p 

Because it is set in motion by the explosion of oil 
gas and atmospheric air, the mechanical force of the 
explosion being employed to drive the machinery. 
Percussion powder, and other substances that explode 
by contact, may eventually be employed for the same 
purpose. 

RECENT INVENTIONS AND IMPROVEMENTS. 

Why is tJie printing-press invented by Lord Stanhope 
so superior to the wooden press, or that previously in use P 

Because the Stanhope press is composed entirely of 
iron ; the tabh^ on which the types rest, and the plat- 
ten (or surface which gives the impression) are made 
perfectly level ; a beautiful combination of levers is 
added, to give motion to the screw, causing the platten 
to descend with increasing rapidity, and consequently 
with increasing force, till it reaches the type, when a 
very great power is obtained. There have been, per- 
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haps, twenty contriyances for obtaining the same effect ; 
hut, as apre»8. Lord Stanhope's invention has not been 
surpassed! Still, it is only a press, and in point of 
expedition has little superiority over its wooden rival, 
producing 250 impressions per hour. 

It is a remarkable fact, that from the invention of 
printing to the year 1798, a period of nearly three 
hundred years, no improvement had been introduced 
into this important art.* 

A mere outline of the improvements from this period 
would occupy many pages. The great triumph in the 
art has, however, been the substitution of cylindrical 
machinery for the screw-press. The auggesium of this 
improvement belongs to Mr.W. Nicholson, but the two 
first working machines were erected by Mr. Koenig, 
for printing the Times newspaper, the reader of which 
was told, on Nov. 28, 1814, that he held in his hand 
a newspaper printed by machinery, and by the power 
of steam ! 

In these machines the type was made to pass under 
the cylinder, on which was wrapped the sheet of paper, 
the paper being firmly held to the cylinder by means 
of tapes ; the ink was placed in a cylindrical box, from 
which it was forced by means of a powerful screw de- 
pressing a tightly-fitted piston ; thence it fell between 
two iron rollers ; below these were placed a number of 
other rollers, two of which had, in addition to their 
rotatory motion, an end motion, t. e. a motion in the 
direction of their length ; the whole system of rollers 
terminated in two, which applied the ink to die types. 
In order to obtain a great number of impressions from 

* Mr. Backingham saw in a convent on the mountains of Lebanon, 
a printing-press and Syriac types, from which the monks produce their 
church-books, quite equal to those at Rome. The press nearly resem- 
bled in shape the common printing-press used in England. It is there 
considered a mystery, as ^ they had never yet had an European here, 
who had ever seen tiie mechamcal operation of printing in Europe.^* 
Other monks in the same convent were employed in weaving, masonry, 
carpentry, &c 
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tbe same fona, a paper cylinder («. e. ihe cylinder oa 
which the paper is wrapped) was placed on each side 
the inking apparatus, the form passing under both. 
This machine produced 1,100 impressions per hour ; 
subsequent improYements raised them to 1 ,800 per hour. 

The next machine, also by Mr. Koenig, was for 
printing both sides of Uie sheet, by conveying the sheet 
from one paper cylinder to the other. This was made 
in 1815, and printed 750 sheets on both sides per hour. 
In the same year Mr. Cowper obtained a patent for 
curving stereotype plates, for fixing them on a cylin- 
der. Several of these machines, capable of printing 
1,000 sheets per hour on both sides, are at work at the 
present day ; and twelve machines oa this principle 
were made for the Bank of England, a short time {de- 
vious to the recent issue of gold. These machines, though 
only adapted for stereotype printing, first showed £e 
best method of furnishing, cUst^ibuting, and applying 
the ink by rollers. 

Messrs. Applegath and Cowper have, however, by 
their coi]^oint ingenuity, superseded Mr. Koenig's in> 
ventions, and constructed upwards of 60 machines, mo- 
dified in twenty-five different ways, for priuiting books, 
bank-notes, newspapers, 8(c. : meir greatest success 
has been in printing newspi^^ers. In the Timn 
machine, which was j^anned by Mr. Applegath, the 
form passes under four printing cylinders, which are 
fed with sheets of paper by four lads, and after the 
sheets are printed, they pass into the hands of four 
other lads; by this contrivance 4,000 i^eets per hour 
are printed on one side. 

The comparative produce of the above machines is 
as follows: — 

stanhope press S50 impressions per hour. 

Koenig's machine . 1,800 *. e. 900 on both sides. 

Cowper 's (stereotype) . . 2,400 *. e. 1;200 ditto. 

Applegath and Cowpers (book) 2,000 *. e. 1,000 ditto. 

Ditto (newspaper) C!hn>nicle . 2,000 

Herald . 2,400 

Times . 4/)00— €6 per minute. 
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We hare principally abridged these facts and data 
from a valuable paper communicated by Mr. Cowper, 
one of the inventors, to the Royal Institution, and sub- 
sequently to the Quarter^ Journal of Science, in the 
year 1828. 

The machine for printing the Atlas newspaper, (each 
copy of ^hich, in some cases, has contained 40 feet of 
printed superficies) consists of two larger and two lesser 
cylinders, put in motion by a steam-engine of 4-horse 
power, managed by three boys, whose only task is to 
present the end of the enormous blank sheet to the 
first cylinder, and to receive it, in a few seconds, printed 
on both sides, as it is discharged by the last cylinder. 

Why will some machines produce paper of indefinite 
length P 

Because in them the pulp is delivered from the 
trough to an endless web of wire, passing over cylin- 
ders, which are turned by steam, or any other prime 
mover. From the wire web it passes between two rollers 
to an endless web of felt, which passes over other cy- 
linders, and between two other heavy rollers, for the 
expression of the water; the paper is thence wound 
upon a reel, and when a sufficient quantity is received 
on it, the paper is cut off, and removed to the drying- 
house. At White Hall Mill, in Derbyshire, a sheet of 
paper was lately manufactured which measured 13,800 
leet in length, 4 feet in width, and would cover an 
acre and a half of ground. 

Why does beating books tvith a hammer cause the 
printing to " set off*'* on the opposite page P 

Because the blows suddenly compress the air be- 
tween the leaves, and create heat which disturbs the 
ink. 

Why has pressing been advantageotisly substituted for 
this beating P 

Because it renders the books extremely compact 
and solid, by passing the isheets,when folded, between 



70 KNOWLEDGE FOR THE PEOPLE. 

a pair of powerful rollers, by whioh much time is saved, 
the paper is made smoolJiier, and the compression, 
though greater, does not disturb the ink. A rolled 
book wHl thus be reduced to about five-sixths of the 
thickness of the same book, if beaten : a shelf, there- 
fore, that will hold fifty books beaten in the usual 
manner, will hold nearly sixty of such, if rolled. — 
Tram, Soc, Arts, 

Why are knivet sharpened hy being drawn between two 
horizontal rollers^ as in " the patent knife-sharpener P^* 

Because the rollers revolve freely upon their axis ; 
and at uniform distances are fixed nanow cylinders, 
or rings of steel, the edges of which are finely cut 
with file teeth, forming thereby circular files ; the edges 
of these files overlap or intersect each other a little, so 
that when a knife is drawn between them, it operates 
on both sides of the edge at once ; and as the rolleni 
turn round at the slightest impulse, the peripheries of 
the circular files get uniformly worn, and consequently 
will last a long time. 

Why does the transparent dial of St. Gfiles*s churchy 
London, light itself with gas as soon as the sun sets at 
night, and put out the light when the sun rises in the 
Tnoming P 

Because a wheel is connected with the clock, which 
makes but one revolution in twenty-four hours ; and 
on this is placed a series of pins, wmch, by their revo- 
lution with the wheel, tend to raise a lever connected 
both with the gas-cock and a moveable screen. The 
gas which illuminates the dial is burning at all times, 
but the consumption during the day is comparatively 
small, as the lever opens and shuts the aperture by the 
motion of the large wheel ; so that a pei'son in the im- 
mediate neighbourhood of the clock would see little 
more than a faint indication of flame during the day- 
light ; but at evening the lever opens the aperture to 
its full size, and lets forth a brilliant flame. The 
moveable screen completely cuts off any portion of light 
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wbicli might otherwise pass from the partially closed 
burner. — Mr. C F, ParHngt{m,in the Atlas Newspaper. 

Why are the faces of many new public clocks made of 
stone instead of metal ? 

Because stone being an absorbent, and not so good 
a conductor of heat as metal, the paint adheres better 
and lasts longer, and does not require to be renewed 
so often as on the copper dial. Another advantage of 
the stone dial is, that the centre can be sunk, and the 
hour hand made to traverse in the sinking. This en- 
ables the~minute-hand to be close to the figures, and 
then almost all error from the effect of parallax is 
avoided, which in the copper dial is very considerable ; 
especially when the minute-hand points at or near 15 
and 45 minutes, and the hands are both above the 
dial. In the stone dials of Chelsea new church, and 
the Royal Mews, Pimlico, the figures are cut in the 
stone, and sunk about the eighth of an inch, after the 
manner of the Egyptian monuments, from which was 
derived the idea. By this method, supposing the dial 
accurately divided, and the figures well shaped in the 
first instance, they will always remain so. — mec. Mag. 

The originator of this improvement is Mr. Vulliamy, 
the eminent horologist. 

Why is the Diorama so called? 

Because of its origin from the Greek, signifying two 
views, of which this exhibition consists. These pic- 
tures are painted in solid, and in transparency, arranged 
and lighted in a peculiar manner, so as to exhibit 
changes of light and shade, and a variety of natural 
phenomena. The means by which these changes are 
effected, maybe explained as follows: — ^The contri- 
vance is partly optical, partly mechanical; and con- 
sists in placing the pictures within a building so con- 
structed, that the saloon containing the spectators may 
revolve at intervals, for the purpose of bringing in 
succession two distinct pictures into the field of view, 
without the necessity of the spectators removing from 
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their seats ; while the scenery itself remains stationary, 
and the pictures therefore admit of an improved 
method of distributing light, by which they are illu- 
minated, so as to produce the effects of a variable pic- 
ture. This is performed by means of a number of 
transparent and movable blinds, some of which are 
placed behind the picture for the purpose of intercept- 
ing and changing the colour of the rays of light, which 
are permitted to pass through the semi-transparent 
parts of the picture. Similar blinds are also situated 
above and in front of the pictures, so as to be moveable 
by the aid of cords, and by that means to distribute or 
direct the rays of light which are permitted to fall 
upon the front of the scene. 

The extent of revolving motion given to the saloon, 
is an arc of about 73^ ; and during the time that the 
audience is thus passing round, no person is permitted 
to go in or out. The revolution of the saloon is effected 
by means of a sector, or portion of a wheel, having 
teeth formed upon its edge ; these work in a series of 
wheels and pinions, so that one man placed at a winch 
is enabled to give motion to the whole. 

The space between the saloon and each of the two 
pictures is occupied on either side by a partition, form- 
mg a kind of avenue, proportioned in width to the 
size of the picture ; without such a precaution, the 
eye of the spectator being thirty or forty feet distant 
from the canvass, would, by any thing intervening, be 
estranged from Ae object. The views are eighty-six 
feet in length and forty-five feet in height — Atlas, 
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ARTS AND MANUFACTURES. 



INTRODUCTORY. 

Why have commerce and the arts an indirect inftu- 
ence upon industry? 

Because it signifies nothing as to the main purposes 
of trade, how superfluous the articles which it mmishes 
are ; — whether the want of them be real or imaginary : 
— whether it be founded in nature or in opinion, in 
fashion, habit, or emulation ; — it is enough that they 
be actually desired and sought after. Flourishing 
cities are raised and supported by trading in tobacco ; 
populous towns subsist by the manufactory of ribands. 
A watch may be a rery unnecessary appendage to the 
dress of a peasant, yet if the peasant will till the ground 
in order to obtain die watch, the true design of trade 
is answered; and the watchmalcer, while he polishes 
the case, or files the wheel of his machine, is con- 
tributing to the production of com as eJSectually, 
though not so directly, as if he handled the spade or 
held the plough. Tobacco is an acknowledged super- 
fluity, and afibrds a remarkable instance of the caprice 
of human appetite ; yet, if the fisherman will ply his 
net, or the mariner fetch rice from other countries, in 
order to procure to himself this indulgence, the market 
is supplied with two important articles of provision, 
by the instrumentality of a merchandise which has no 
o&er apparent use than the gratification of a vitiated 
palate. — Paley, 

b2 
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Why does commerce at the same time supply an end- 
less variety of new productions^ and multiply and 
cheapen those that are peculiar to every country F 

Because it enables each separate people to employ 
themselves in preference in those departments in which 
they ei^oy some natural or acquired advantage, while 
it opens the markets of the world to their pnKluctions. 
When the demand for a commodity is confined to a 
particular country, as soon as it is supplied, improve- 
ment is at a stand. The subdivision and combination 
of employments are, in fact, always dependent upon, 
and regulated by, the extent of the market Dr. Smith 
has shewn, that by nuJdng a proper distribution of la- 
bour among ten workmen, in a pin manufactory, 
48,000 pins might be produced in a day ; and since 
his time the number nas been nearly doubled. 

Before pins were manufactured in England, £60,000 
annually is said to have been paid for them to fo- 
reigners in the early years of Queen Elizabeth ; but, 
long before the end of her reign, they were manufac- 
tured in this country in great quantities. 

The subdivision of the mecnanism of a watch into 
150 branches has already been cursorily mentioned.* 
The fifteen principal branches arc : 1. The movement 
maker, who divides it into various branches ; viz. pillar- 
maker, stop stud-maker, frame-mounter, screw-maker, 
jcock and potence-maker, verge-maker, pinion-maker, 
balance-wneel-maker, wheel-cutter, fusee-maker, and 
other small branches. 2. Dial-maker ; who employs 
a copper-maker, an enameller, painter, &c. 8. Case- 
maker; who makes the case to the frame, employs 
box-maker, outside case-maker, and joint-finisneis. 
4. Pendant-maker ; (both case and pendant are sent 
to the Goldsmiths' Hall to be marked.) 5. Secret- 
springer and spring-liner ; the spring and liner are di- 
vided into other branches; viz. the spring-maker, 

* See Domestic SoiKNCE, page 7L 
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button-maker, &c. 6. Cap-maker, who employs 
the springer, &c. 7. Jeweller, which comprises tne 
diamond-cutting, setting, making ruby-holes, &c. 
8. Motion-maker, and'other branches, viz. slide-maker, 
edge-maker, and bolt-maker. 9. Spring-maker, (i. e. 
main-spring) consisting of wire-drawer, 6cc. ham- 
merer, polisher, and temperer. 10. Chain-maker; 
this comprises seyeral branches, wire-drawer, link- 
maker and rivetter, hook-maker, Sec. 11. Engrayer; 
who also employs a piercer and name-cutter. 12. Fi- 
nisher, who employs a wheel and fusee-cutter, and 
other workers in smaller branches. 13. Gilder is di- 
vided into two, viz. gilder and brusher. 14. Glass 
and hands ; the glass employs two, viz. blower and 
maker : hand-maker employs die-sinker, finisher, 6cc. 
15. Fitter-in, who overlooks the whole, fits hands on, 
&c. The above fifteen branches are subdivided again 
and again. 

The manufacture of watch-springs also affords an 
instance of an article raised in price from one half- 
penny to the amount of 35,000 guineas. Thus, a 
pound of crude iron costs one halfpenny ; it is con- 
verted into steel, that steel into watch-springs, every 
one of which is sold for half-a-guinea, and weighs 
only one-tenth of a grain. After deducting for waste, 
there are, in a pound weight, 7,000 grains ; it there- 
fore affords steel for 70,000 watch-springs, the value of 
which, at half-4i-guinea each, is 35,000 guineas. 

Why may our coUan manufacture be considered en- 
tirely the result of commerce? 

Because, had cotton-wool been a native production, 
we could never have made such astonishing advances 
in the manufacture had we been denied access to fo- 
reign markets. Notwithstanding the splendid dis- 
coveries in the machinery, and the perfection to which 
every department of the trade has oeen brought, the 
vast extent of the market has prevented its being 
glutted; and has stimulated our manufacturers in their 

B 3 
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improvements. Our cotton-mills have been constructed, 
not that they might supply the limited demand of 
Great Britainybut that tney might supply the demand 
of the whole world. The subdivision of labour, and 
the scope given to the employment of machinery, by 
the unlimited extent of the market, has reduced the 
price of cottons to less, probably, than a fourth part of 
what it would have been, had they met with no outlet 
in foreign countries.* The hardware, woollen, leather, 
and other manufactures, exhibit similar results. 

Why is steam said to add to the power of our popu- 
lation r 

Because the steam-engines in England represent 
the power of 320,000 horses, equal to 1,920,000 men ; 
and being in fact managed by only 36,000 men, they 
consequently add to the power of our population 
1,884,000 men. 

Steam navigation, a powerful aid to our commercial 
prosperity, has been thus eloquently illustrated by one 
of the most accomplished oratoi's of our times. Steam- 
boats — *^ these new and wonderful machines walk the 
water, like a giant rejoicing in his course ; stemming 
alike the tempest and the tide; accelerating inter- 
course; shortening distances; creating, as it were, 
unexpected neighbourhoods, and new combinations of 
social and commercial relations; and giving to the 
fickleness of winds and the faithlessness of waves, the 
certainty and steadiness of a highway upon the land." 
•"-Canning* s Speeches at Liverpool. 

According to M. Dupin, the human force of Great 
Britain employed in commerce and manufactures, is 

* The price of calico 55 years since has lieen found thus rr«istei«d in 
a bible, in the possession of a family near Blackburn : — ^ 15 l^ptember, 
1776. Thomas Dixbury, of Rishton, near Blackburn, sold to Me»rs. 
Peels, Yates, and Co. Church Bank, two common fine calico pieces for 
5/. 9*. 8rf. These were the first calico pieces ever manufactured in this 
kingdom." Pieces of the same description are now sold for fi«.6d. or 
OS. each. — Meckamca Magazine. 
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eqaivalent to 4^64,000,893 effective men; to this 
power there must also be added the power of 250,000 
aoimals, employed in divers works of industry. These 
will raise the animate force of England and Scotland 
to 6, 014,893 ; to which there must be superadded the 
approximating value of 1,260,604 effective men for 
Ireland : so that the commercial and manufacturing 
animate power of the United Kingdom must be com- 
puted at 7,275,497 labouring men. To this must be 
added the force supplied by water, wind, and steam : 
thus: — 

Animate Force 7^5^4197 

Mills and Hydraulic Engines l;aOO,000 

Windnjills 240,000 

Wind and Navigation 12,000,000 

Steam Engines 6,400,000 

Total Force 27,115,497 

Ireland 1,002,667 

• Total 28,118,164 



In comparison with France, M. Dupin estimates 
these numbers as follows; — The total of the inani- 
mate force applied to the arts, of all descriptions, in 
France, scarcely exceeds the fourth of the same power 
applied to the same purposes in Great Britain ; and 
the Tvhole animate and inanimate power of Great 
Britain, applied to manufactures and commerce, is 
nearly triple the amount of that so applied in France. 

Why is foreign trade so beneficial to each party en- 
gaged in it ? 

Because each enjoys the peculiar advantages of the 
respective countries. Thus, when we send cloth or 
hardware to Portugal for wine, or to Brazil for sugar, 
we give what is as valuable as that which we receive ; 
and yet both parties gain largely by the transaction ; 
for we get the wine and sugar for what it took to 
produce them in countries that are peculiarly fitted 
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for their growth ; and the foreigners are supplied with 
cloth and hardware for what those productions cost in 
a countnr where manufacturing industry has been car- 
ried to the highest pitch of improvement. 

M. Say, in his Economic Politique Pratiqtie, thus 
forcibly Ulustrates the effects of prohibition in trade. 
During the reign of Napoleon, vessels were dispatched 
from Londoil, freighted with sugar, coffee, tobacco, 
cotton-twist, for Salonica, (Macedonia) whence these 
articles of merchandize were carried by beasts of bur- 
den, by the way of Servia and Hungary, to Germany 
and France ; so that an article consumed at Calais, 
would come from England, only twenty mUes distant, 
by a route which, in point of expense, would be equi- 
valent to a voyage twice round the globe. 

Again, the history of our own times affords many 
striking instances of the prohibitory effects of war upon 
nationd industry. In France, the ravages made by 
the wars of the revolution and of the empire upon her 
population and wealth, have been estimated, according 
to M. Dupin, at two millions of men, and 600 millions 
of English money. Every succeeding year of peace, 
from 1815 to 1830, has, however, hesded these severe 
wounds ; private losses have been indemnified ; bouses 
and factories have been rebuilt ; the cattle and live 
stock become more' numerous than before the war, and 
the population increased, in thirteen years, by two 
millions and a half of inhabitants. As an example of 
the beneficial effects upon manufacturing industry; it 
is only since the re-establishment of their intercourse 
with England, that the French have begun to use pit- 
coal in their furnaces, and to substitute the instrument 
called a flattener, or laminoir^ for the hammer, in 
beating iron into plates. 

Why are certain natural advantages in a country pre^ 
judicial to its progress in the arts P 

Because, provided the mildness of the climate ren- 
ders clothing and lodging of little importance, and the 
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earth spontaneously poors forth an abundant supply 
of fruits, the inhabitants are immersed in sloth, and 
seem to place their highest enjoyment in being free 
from occupation. Sir William Temple, Mr. Hume, 
and some other sagacious inquirers into the progress 
of society, have been struck with this circumstance, 
and have justly remarked that those nations that have 
laboured under the greatest natural disadvantages, 
have made the most rapid advances in industry. A 
striking illustration of the above fact follows. 

Why has the improvement of the natives of South 
America been to tardy P 

Because of the extraordinanr abundance of animal 
food, and the equal fertility oi the country, where the 
finest fruits grow spontaneously, and only require to 
be gathered. Thus, the South Americans are neither 
a pastoral nor an agricultural people ; and, surrounded 
by partial civilization, they remain without any ex- 
citement to labour, which alone could inprove their 
moral and physical condition. Humboldt has thus 
beautifully aescribed the state of primitive rudeness 
in which many of the tribes of South America remain : 
** When we attentively examine this wild part of Ame- 
rica, we appear to be carried back to tne first ages, 
when the earth was peopled step by step ; we seem to 
assist at the birth of numan societies. In the Old 
World we behold the pastoral life prepare a people of 
huntsmen for the agricultural life. In the New World 
we look in vain for these progressive developements of 
civilization — these moments of repose — these resting- 
places in the life of a people. The luxury of vege- 
tation embarrasses the Indian in the chase. As the 
rivers are like arms of the sea, the depth of the water, 
for many months, prevents their fishing. Those species 
of ruminating animals, which constitute the riches of 
the people of the Old World, are wanting in the New. 
The bison and the musk-ox have not yet been reduced 
to the domestic state ; the enormous multiplication of 
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the llama and the guanaco have not produced in the 
natives habits of pastoral life." 

Why has the coin of a kingdom been compared to the 
highways through it r 

Because neither of them produce anything ; on the 
contrary, they are both to be kept in repair at a certain 
expense; but they greatly facUitate the conveyance 
from one place to another, of whatever the land pro- 
duces by agriculture, or \vhat active capital produces 
by manufactures and conmierce. Such is the idea of 
Dr. Adam Smith, who also compares paper -money to 
a wagon-way through the air. 

Why are we indebted to the ignorance and bad govern- 
ment of our ancestors for our present comparative faci- 
lity of procurina subsistence P 

Because, had it been otherwise, the population that 
would have accumulated since the reign of William 
the Conqueror, must have overflowed, like the swarm- 
ing of the northern hives during the fall of the Roman 
empire. An entertaining writer says : " If all the Turks 
and Egyptians that are to die next year of the plague, 
were to be devoured during the present by crocodiles, 
a certain quantity of food would be gained, and things 
go on just as before. The Roman empire, and the 
world generally, would have been equally populous 
and prosperous, if the Huns and Ostrogoths had eaten 
each other, instead of strewin? their bones and those 
of their antagonists through ue wilds of Dacta and 
along the banks of the Danube." 

Why is it an error to consider Apothecaries* profits 
uncommonly extravagant ^ 

Because this great apparent profit is frequently no 
more than the wages of labour. The skill of an apo- 
thecary is a much nicer and more delicate matter than 
that of any artificer whatever ; and the trust which is 
reposed in him, is of much greater importance. He is 
the physician of the poor in all cases, and of the rich, 
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vrhere the distress or danger is not very great. His 
reward, therefore, ought to be suitable to his skill and 
his trust, and it arises generally from the price at which 
he sells his drugs. But the whole drugs which the 
best employed apothecary in a large market-town will 
sell in a year, may not, perhaps, cost him above thirty 
or forty pounds. Though he should sell them, there- 
fore, for three or four hundred, or at a thousand per 
cent, profit, this may frequently be no more than the 
reasonable wages of his labour, charged, in the only 
way in which he can charge them, upon the price of 
his drugs : the greater part of the apparent profit is 
real wages disguised in the garb of profit. — Dr, Adam 
Smith's Wealth of Nations, 

WEIGHTS AND MEASURES. 

Whjf do we use the grain weight P 

Because all weights and measures in England were 
originally derived from a grain of wheat : vide statutes 
51 Hen. III. 31 Ed. I. 12 Hen. VII. which enacted 
that 32 of them, well dried and gathered from the 
middle of the ear, were to make one penny- weight ; 
but it wras subsequently thought better to aivide the 
dwt. into twenty-four equal parts, called grains. All 
measures of capacity, both liquid and dry, were at first 
taken £rom troy- weight ; and laws were passed in the 
reign of Henry III. enacting that 81b. troy of wheat 
taken from the middle of the ear, and well dried, 
should make one gallon of wine measure. Weights and 
measures were invented 869, B.C. ; fixed to a stand- 
ard iif England, 1257; regulated, 1492; equalized, 
1826. 

Why has the pendulum been resorted to in regulating 
modem weights and measures ? 

Because it has enabled us practically to carry into 
eflect the idea of seeking for a unit of measure in some 
unchangeable natural object ; the great law of the pen- 
dulum being, that its oscillations are always performed 
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in the same time. The standards that have been 
usually proposed for the above purpose, have been 
some aliquot part of the quadrant of the meridian, or 
•the length of a pendulum vibrating seconds in some 
given latitude. The latter has been in so iar adopted 
into the existing system of weights and measures, 
established by the Act of Parliament of 1824, that the 
length of the* standard yard, as compared with that of 
a pendulum vibrating seconds in the latitude of Lon- 
don, is determined to be in the proportion of 36 inches 
to 39 ^jff inches. 

The pendulum, as a time-keeper, has been men- 
tioned in another portion of the present work.* 

Why are the foot, yard, ^c, vsed as measures P 
Because the earliest standards seem to have been for 
the most part derived from portions of tlie human body : 
as the cubit, or. the length of the arm from the elbow 
to the tip of the middle finger ; the foot ; the tdna, 
arm, or yard ; the span ; the digit, or finger ; the fa- 
thom, or space from the extremity of the one hand to 
the extremity of the other, when they are both extended 
in opposite directions ; the pace, &c. These were not, 
however, fixed standards, as the size of the different 
parts of the human body differ in different individuals: 
hence it became necessary to select some durable arti- 
cle, a metallic rod, for example, of the length of an 
average foot, cubit, &c. and to make it the standard 
with which all the other feet, cubits, &c. used in men- 
suration^ should correspond. These standards have 
been preserved with the greatest care ; at Rome they 
were kept in the temple of Jupiter ; and among the 
Jews, their custody was entrusted to the family of 
Aaron. 

This standard has been maintained without any sen- 
sible variation. In 1742) the Royal Society had a yard 
made, from a very careful comparison of the standard 

♦ SeeMRCHANics, p. 14-15. 
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ells or yards of the reigns of Heniy VII. and Elizabeth, 
iept at the Exchequer. In 1758, an exact copy was 
made of the Roval Society's yard; and this copy hav- 
ing been examined by a Committee of the House of 
Commons, and reported by them to be equal to the 
standard yard, it was marked as such: Uiis identi- 
cal yard is declared, by the Act 5 Geo. IV. cap. 74, to 
be the standard of lineal measure in Great Britain. 

Without entering into standards of an abstract kind, 
we may here observe, that " a real material measure 
must be constructed, and exact copies of it taken. The 
great diflftculty is, however, to preserve it unaltered 
firom age to age ; for unless we transmit to posterity the 
units of our measurements, suck as we have ourselves 
^sed them, we, in fact, only half bequeath to them our 
observations." Mr. J. F. Herschel thinks this point 
much neglected, and suggests that " accurate ana per- 
fectly authentic copies oi me yard and pound, executed 
in platinum, and hermetically sealed in glass, should be 
deposited deep in the interior of the massive stone-work 
of some great public building, whence they could only 
be rescued wiUi a degree of dilfficulty sufficient to pre- 
clude their being disturbed, unless on some very high 
and urgent occasion. The fact should be publicly re- 
corded, and its memory preserved by an inscription. 
Indeed, how much valuable and useml information of 
the actual existing state of arts and knowledge at any 
period might be transmitted to posterity in a distinct 
form, if, instead of the absurd and useless deposition 
of a few coins and medals under the foundations of 
buildings, specimens of ingenious implements, or con- 
densed statements of scientific truths, or processes in 
arts and manufactures were substituted." ^ 

MONEY. *•* 

Why is the term standard usedP 

Because it may designate the purity and weight of 
coins ; that is, the fineness of the metal of which they 
are made, and the quantity of it contained in them. 

PART X. c 
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Money was coined in the Temple of Juno Monetay 
whence our English word money, and the monetary of 
political economists. 

A pound troy, or 12 oz. of the metal of which En- 
glish sUver coins are made, contains 11 oz. 2 dwts. pure 
silver, and 18 d\vt8. alloy. This pound is coined into 
66 shillings, so that each shilling contains 80.727 grains 
of fine silver, and 87.27 grains of standard silver ; and 
the money poundy consisting of 20 shillings, contains 
1614.545 grains standard silver. From 1600 down 
to 1816, the pound weight of standard silver bullion 
was coined into 62 shillings. 

The fineness of gold is estimated by carat grains 
equivalent to 2) dwts. troy ; gold, of the highest degree 
of fineness, or pure, being said to be 24 carats fine. 
The purity of our present gold coins is 1 1 parts fine 
gold, and 1 part alloy. The sovereign, or 20 shilling 
piece, contains 113.001 grains fine gold, and 123.274 
grains standard gold. The pound troy of standard 
gold is coined into 46 sovereigns and ^ ths of a so- 
vereign, or into 46/. Ms.Sd. The mint or standard price 
of gold, is, therefore, said to be 46/. I4s.6d, per lb. troy, 
or 3/.17«. iO^d. an ounce. 

Why has not the standard been preserved inviolate P 
Because of the necessities of governments, and the 
unfounded notion, so generally diffused, that coins de- 
rived their value rather from the coinage than from the 
quantity of metal contained in them. Coins have 
been less enfeebled in England than in any other coun- 
try ; but even here the quantity of silver in a pound 
sterling, is less than the third part of a pound weight, 
the quantity it contained in 1300. 

vf Why is money called sterling P 

Because in the time of Richard I., money coined in 
the east part of Germany, came in special request in 
Englana, on account of its purity, and was called 
Easterling Money, as all the inhabitants of those parts 
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were called Easterlings; and soon after some of tliese 
people, skilled in coining, were sent for to London, to 
bring the coin to perfection, which was soon called 
Sterling^ from Easterling. 

Money, as a medium of commerce, is first mentioned 
in Genesis, chap, xxiii., when Abraham purchased a 
field as a sepulchre for Sarah, in the year of the world, 
2139 : money was first made at Argos, 894 years B.C. ; 
has increased eighteen times in value from 1290 to 
1530 ; and twelve times in value from 1530 to 1789. 
Silver has increased thirty times its value since the 
Norman Conquest: viz. 'a pound in that age was three 
times the quantity it is at .present, and ten times its 
value in purchasing any commodity. 

Why is money also called coin and cashP 
Because coin (cunapecunia^) from the French coiyn, 
i. e. angtdus, a comer, whence it is supposed that the 
most ancient coin was square. Cash is from the French 
term caisse, L e. chest or coffin, for the keeping of money. 
The coining-press was introduced into England in 
]562; and machinery for coining by Boulton and Watt, 
at Soho, near Birmingham, about the year 1800. The 
coining-press of the Royal Mint has already been no- 
ticed.* 

Why is there alloy in coins? 

Because it may save the trouble and expense that 
would be incurred in refining the metals to their high- 
est degree of purity ; and because, when its quantity is 
smaU, it renders the coins harder, and less liable to be 
worn or rubbed. 

Why is there a cross and pile side of a coin P 
Because Constantine, with religious zeal, put a cross 
in place of the beast (to be explained) ; and in the old 
Gaulish language, a ship was called pile : hence also 
the game of cross and pile, and the word pilot. 



* See Mechanics, p. 27. 
C2 
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Why is not the value of money the same in all coun- 
tries P 

Because the use of coined money does not change 
the principle on which exchanges were conducted pre> 
\ibusly to its introduction. The coinage saves the trou- 
ble of weighing and assaying gold and silver, but it 
does nothing more. It declaies the weight and purity 
of metal in a coin ; but the value of that metal or coin 
is, in all cases, determined by those principles which 
determine the value of other things, and would be as 
little affected by being recoined with a new denomina- 
tion, as the burden of a ship by a change of name. 
Money is, indeed, as much a commodity, as bars of 
iron or copper, sacks of wheat, &c. 

Why do we use the term a pound P 

Because, originally, the coins of all countries seem 
to have had ,the same denomination as the weights 
commonly used in them, and contained the exact 

Quantity of the precious metals indicated by their names, 
'bus, the talent was a weight used in the earliest pe- 
riod, by the Greeks ; the as^ or pondo,hj the Romans; 
the pound by the English and Scotch ; and the livre, 
by uie French: and the coins originally in use in 
Greece, Italy, and France, bore the same names, and 
weighed precisely a talent, a pondo, a livre, and a 
pound. 

The metal which our ancestors used as their medium 
of exchange, they first divided by pounds, which word 
still remains among us to signify twenty shillings ; this 
being about the just value that so much copper bore in 
those days. This was called as in Latin, which, ac- 
cording to Varro, is derived from €bs, signifying copper. 
They used it first in bullion, unmarked — ^but to save 
the trouble of weighing this pound, or the lesser parts 
of it, and to give it a readier currency, they staiQped 
upon one side the figure of a ship, as an emblem of 
commerce, with the weight and value ; and on the re- 
verse, the picture of one of those beasts which are de- 
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signed by the word Pectu, as being the most prized 
commodities; whence money came to be afterwards 
called jpecufiue, in Latin, — and hence the English word 
pecuniajy. 

Why is the guinea so catted? 

Because the gold with which it was first coined in 
the reign of Charles II. was brought from Guinea. 
For this reason also, the guinea originally bore the 
impression of an elephant. 

The term sovereign is not new in our coinage : in 
the time of Edward VI. there were both soYereig^s, 
and half-sovereigns, and nobles, as appropriate atten- 
dants on the sovereign. 

Why is the shilling so called? 

Because of its corruption from the word 5cy//tn^, the 
etymology of which would lead us to suppose it to 
have been a certain quantity of uncoined silver ; for, 
whether we derive it from sceylan, to divide, or sceale, 
a scale, the idea presented to us by either word is the 
same — that is, so much silver cut oif, as in China, and 
weighing so much. — Turner's Anglo-Saxons. 

Why were groats first coined? 

Because, in the Saxon time, we had no silver money 
bigger than a penny, nor after the Conquest, till Ed- 
ward III., who, about the year 1351, coined grosses, 
(groats, or great pieces,) which passed for fourpence; 
so the matter stood till the reign of Henry VII., who, 
in 1504, first coined shillings. 

Why is the penny so called? 

Because of its derivation from the Latin pecunia, 
money. Until the time of Edward L the penny was 
struck with a cross, so deeply indented in it, that it 
might easily be broken, and parted on occasion, into 
two parts, thence called half -pennies ; or into four, 
thence called four-things, or farthings. But that prince 
coined it without indenture, in lieu of which he first 
struck round halfpence and farthings. 

c3 
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Why wat the banking system first introduced into 
England P 

Because, in the turbulent times of the Common- 
wealth, the merchants and tradesmen, who had before 
trusted their cash to their servants and apprentices, 
found that no longer safe ; neither durst they leave it 
in the Mint, by reason of the distress of majesty itself, 
although this was before a public deposit. In the year 
1645, tiiey first placed their cash in the hands of gold- 
smiths, who began to exercise both professions. We 
quote these facts from Pennant, who states the first 
regular banker to have been Mr. Francis Child, gold- 
smith, who began business soon after the Restoration ; 
but Granger mentions Mr. Child as successor to the 
shop of Alderman Backwel, a banker, in the time of 
Charles II., who was ruined by the shutting up of the 
Exchequer, in 1672: he lived in Fleet-street, near 
Temple Bar, where the banking business of the Childs 
is conducted to this day. 

About fifty years after the above, in 1720, the credit 
of Bankers was much injured by what has been in our 
times called a panic, or run. Swift turned their tribu- 
lation to humourous account. Thus, in some lines of 
the above date : — 

" The multitude's capricious pranks 

Are said to represent the seas ; 
Which breaking Bankers and the Banks, 

Remove their ovni where*er they please. 

No money left for squandering beirs ! 

Bills turn the lenders into debtors : 
The wish of Nero now is theirs. 

That they had never known their letters. *> 

Kymer mentions the draft and cheque. The money 
changers of Scripture, the Trapizaeta of the Greeks, 
and the Argentarii,or Nummularii of the Romans, aU 
illustrate the high antiquity of banking. 

Why is the Bank of JEngland an important adjunct 
of the Government of Great Britain? 

Because it receives the taxes, pays the taxes, pays 
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the interest of the public debt, and conducts the various 
other pecuniary transactions of the exchequer. For 
these services the bank receives a per centage, or com- 
mission, which amounts annually to about 260,000/. 
to which must be added the profit derived from the 
use of a floating balance due to the public, never less 
in amount than four millions sterling. This balance, 
employed in discounting mercantile bills at the rate 
of four per cent, yields a revenue of 160,000/. per 
annum, which beinff added to the commission of 
260,000/. gives a total of 420,000/. as the profit which 
Uie proprietors of bank stock derive every year from the 
connection subsisting between that establishment and 
the Treasury. — Quarterly Review, No, 86. 

The Bank of England was first established in 1694: 
its projector was one Paterson, bom in Dumfrieshire, 
and said to have died of grief, occasioned by the in- 
gratitude with which he was treated by the world. 

Why were the labours of the alchemists beneficial to 
mankind? 

Because, however great their follies, their researches 
were instrumental in promoting the progress of che- 
mical discovery. Hence, in particular, metallic phar- 
macy derived its origin. Mr. Herschel justly observes, 
" among the alchemists were men of superior minds, 
who reasoned while they worked, and who, not con- 
tent to grope always in the dark, and blunder on their 
object, sought carefully in the observed nature of their 
agents for guides in their pursuits." 

Why is mercury used in amalgams? 

Beoause, being habitually fluid, it readily combines 
with most of the metals. When these metallic mix- 
tures contain a sufficient quantity of mercury to ren- 
der them soft at a mean temperature, they are called 
amalgams. 

A work on metallurgy, and the use of quicksilver in 
refining gold and silver, was written by Alonzo Barba, 
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a clergymaa of the diuTch of St. Bernard, at Potosi^ 
in the year 1640, who has by some writers been sup- 
posed to be the inventor of amalgamation. He dis- 
covered the process by mere accident ; for, being de- 
sirous of fixing quicksilver, he mixed it with fine 
Eowdered silver ore, and soon found that the mercory 
ad attracted every particle of silver to itself, which 
presented him with the idea of refining metals by 
means of quicksilver. This experiment he made in 
the year 1609, but he was probably unacquainted at 
that time with smelting works in America, and does 
not appear desirous of claiming the invention of amal- 
gamation as practised in that country. The book, 
though published at that late period of the art, and 
notwithstanding there were many superior treatises on 
the same subject already published in German, was 
considered of such importance by the Spaniards, as 
containing all their metallurgic secrets, that they en- 
deavoured to suppress it : but a portion of it was trans- 
lated into English in 1674. 

WORKING METALS. 

Why are ike ancient Britons concluded to have been 
expert in working metals P 

Because the art of working in iron and steel had 
risen to such perfection in the tenth century, that even 
the horses of some of the chief knights and barons 
were covered with steel and iron armour. Artificers 
who wrought in iron were so highhr regarded in that 
warlike time, that every military officer had his smith, 
who constantly attended his person to keep his arms 
and armour in order. The chief smith was an officer 
of considerable dignity in the court of the Anglo- 
Saxon and Welsh kings, where he enjoyed many pri- 
vileges, and his wages were much higher than those 
of any other artificer. In the Welsh court, the king*s 
smith was next in rank to the domestic chaplain, and 
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was entitled to a draught of every kind of liquor tliat 
was brought into the hall. 

Why were bellows first invented F 

Because they might imitate the action of the lungs 
and a hollow reed placed in the mouth of the blower, 
the latter being me first instrument employed for 
blowing a fire. Our common bellows appear to have 
been known to the ancient Greeks, and Koman lamps 
have been found in the form of bellows. 

Why is it to he regretted that we know hut little of 
the ancient construction of hellows ? 

Because more information on this subject would en- 
large the knowledge we possess of the metallurgy of 
the ancients. 

Strabo tells us, on the authority of an old historian, 
that Anacharsis the Scythian philosopher, invented 
the bellows, the anchor, and the potter's wheel ; but 
this seems doubtful, as Pliny, Seneca, Diogenes, 
Laertius, and Suidas, only attribute the two last to 
him ; and Strabo also remarks, that the potter's wheel 
is mentioned by Homer, who lived prior to the time of 
Anacharsis. It is, therefore, probable that the latter 
became acquainted with the invention on his travels, 
and having made it known to his countrymen, was 
looked upon as the inventor. — Beckmann. 

Why are forge-hellows constructed with three hoards P 
Because they are required to keep up a constant and 
unremitting stream of air through the fuel, to keep it 
in vivid combustion. Thus, the centre board is fixed, 
and furnished with a valve opening upwards, the 
lower board being moveable with a valve also opening 
upwards, and the upper board being under a continusd 
pressure by weights acting upon it. When the lower 
board is let down, so that the chamber between it and 
the middle iSoard is enlarged, the air included between 
these boards being rarefied, the external pressure in 
the atmosphere will open the valve in the lower board, 
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and the cliamber between the lower and the middle 
boards will be filled with air in its common state. 
The lower board is now raised by the power which 
works the bellows, and the air between it and the 
middle board is condensed- It cannot escape throngh 
the lower valve, becanse it opens upwards. It acts 
therefore, with a pressure proportionsd to tlie working 
power on the valve in the middle board, and it forces 
open this valve, which opens upwards. The air is 
thus driven from between the lower and middle boards 
into the chamber between the middle and upper 
boards. It cannot return from this chamber, because 
the valve in the middle board opens upwards. The 
upper board being loaded with weights, it will be con- 
densed while included in this chamber, and will issue 
from the nozzle with a force proportionate to the 
weights. While the air is thus rushing from the 
nozzle, the lower board is let down and again drawn 
up, and a fresh supply of air is brought into the 
chamber between the upper and middle board. This 
air is introduced between the middle and upper board 
before the former supply has been exhausted, and by 
working the bellows, with sufficient speed a laj^e 
quantity of air will be collected in the upper chamber, 
so that the weights on the upper board will force a 
continual stream of air through the nozzle. — Lardner. 

There are usuallY two blast-holes to conduct the 
stream of air from the bellows to the laboratory of the 
furnace, placed on opposite sides, but so angled that 
the streams do not impinge on each other. The bellows 
are commonly cylindrical, and their pistons are worked 
by a steam-engine. 

Whif are these bellows superior to the house-bellows F 

Because the latter are constructed only with two 
boards, and have thus only an intermittudg action, or 
blow by fits, the action being suspended while the 
upper board is being raised. 

Whi/ are German bellotvs made of wood superior to 
those tn comm^m useP 
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Because the effect produced by them is stronger and 
more uniform, and they last longer. Some idea may 
be formed of this contriyance from the following 
sketch. The entire machine is composed of two 
boxes placed over each other, the uppermost of which 
can be moved up and down, in the manner of a lid 
with a hinge ; but the sides of the upper box are suf- 
ficiently large to contain the lower between them, 
when raised to its greatest extent. Both are fastened 
together at the smallest extremity, where the pipe is 
inserted by a strong iron bolt. Thus, when the boxes 
fit each ouer with exactness, and the upper is raised 
over the under, which is immoveable, tne space con- 
tained within both will be increased : consequently, 
more air will rush in through the valve in the bottom 
of the lower one ; and when the upper box is again 
pressed down, this air will be expelled forcibly through 
the pipe. The only difficulty is to prevent any portion 
of the air from escaping at any other part of the ma- 
chine than the orifice of the pipe ; and this is obviated 
by the simple contrivance of placing moveable slips of 
wood at the inner sides of the uppermost box, which, 
by means of metal springs are pressed to the sides of 
the lower box, and fiU up the intervening space. 
— Beckmann. 

IRON. 

Why is the use of iron believed to have been known 
in the earliest ages r 

Because of its frequent mention in the bible : 
thus. Tubal Cain, who lived nearly 4,000 years before 
the commencement of the Christian era, was **an 
instructor of every artificer in brass and iron." (Gen iv. 
22.) and we read that Abraham took a knife to slay 
his son Isaac. (Gen. xxii. 10.) In these early times 
too, mention^is made of shears and of shearing of 
sheep. (Gen. xxxviii. 12, 13.) 

Why is this knowledge supposed to have been after- 
wards lostF 
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Becaase many of the ancient nations used stones, 
flints, the horns and bones of various animals, the 
hones and shells of fish, reeds and thorns, for every 
purpose in which the moderns now use edge tools of 
iron and steel. 

Chronology informs us, iron was first discovered by 
the burning of Mount Ida, 1406 B.C. In England 
by the Romans, soon after the landing of Caesar : first 
discovered in America, in Virginia, 1715 : first cast in 
England, at Blackstead, Sussex, 1544. 

Why was iron, at one period forbidden to he used hy 
the Romans, except in agrictdture P 

Because they thought iron poisonous, and that 
wounds made with iron instruments healed with diffi- 
culty. Chemistry has, however, exposed this fallacy. 
Fourcroy says iron is the only metal which is not 
noxious, and whose efiects are not to be feared. In- 
deed, its efiects on the animal economy are evidently 
beneficial. 

Why is iron the most useful of metals? 

Because it becomes softer by heat, and has the ca- 
pability ofbeing welded to another piece of iron, so as to 
form one entire mass : and this may be done without 
rivets, solder, or melting either of the pieces. No other 
metal possesses this singular propeity, except pla- 
tinum. 

An iron wire only one-tenth of an inch in diameter, 
will carry 450 pounds without breaking. A wire of 
tempered steel of the same size will carry nearly 900 
pounds. — Black . 

Why has the iron trade of Great Britain increased so 
extraordinarily since the year 1750? 

Because then pit-coal began to be generally used for 
extracting cast iron from its ores. In 1740, England 
and Scotland did not possess more than 59 furnaces, 
producing 17,000 tons; whereas in 1827, they had 
increased to 284 furnaces, producing 690,000 tons. A 
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nvriter in a French Journal, therefore, descrihes pit- 
coal as '* the prime element of the manufactures and 
the wealth of England." The mean annual amount 
of the exportation of iron and steel from this country, 
in hars and wrought works, is from 1,200,000/. to 
1,500,000/. The annual quantity of iron manufac- 
tured in Great Britain is 690,000 tons. 

In the great iron works, the ore, broken into small 
pieces, and mixed with lime or some other substance 
to promote its fusion, is thrown into the furnace ; and 
baskets of charcoal or coke, in due proportion, are 
thrown in along with it. A pait of the bottom of 
the furnace is filled with fuel only. This being kin- 
dled, the blast of the neat bellows is directed on it, 
and soon raises the whole to a most intense heat: 
this melts the ore immediately above it, and the re- 
duced metal drops down through the fuel and collects 
at the bottom. 'The rest sinks down to fill up the void 
left by the consumed fuel, and this, in its turn, comes 
next in the way* of the bellows, and is also reduced. 
More ore and fuel are supplied above, and the opera- 
tion goes on till the melted metal at the bottom, in- 
creasing in quantity, rises almost to the aperture of 
the blast ; it is let out by piercing a hole in the side of 
the furnace, and then forms what are called pigs of 
cast iron. — Parkes, 

The Butterley iron-works are amongst the most im- 
portant in this country. Here are three furnaces, each 
capable of producing thirty-five tons of pig iron, or 
crude cast iron, per week. The blast furnaces are 
about forty feet high, and about thirteen in the largest 
diameter. When charged, they contain about 3^00 
cubic feet of iron stone, coke, and lime-stone, which 
produce one ton of melting iron. When heated, they 
are kept in a state of intense heat for many months or 
years, without intermission, and are constantly sup- 
plied at the tops with materials. Blast cylindei-s, 
worked by a steam-engine of 80-horse power, contiuu-. 

PART X. D 
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ally iirge a stream of air into the furnace. The volame 
of air thus supporting the combustion, may be esti- 
mated by the contents of these cylinders, which are 
sl^ feet diameter, with a stroke of eight feet long, re- 
peated thirteen times per minute, and doubled by a 
reciprocity motion, causing a consumption or decom- 
position of 6240 cubic feet of air per minute. In the 
foundry attached to these works, were cast the iron- 
work of Vauxhall Bridge ; the columns of the King's 
Theatre in the Haymarket ; many of the works in ihe 
dock-yard at Sheemess ; the fEimous roof of the Rum 
Quay at the West India docks ; and nearly all the 
pipes of the West Middlesex water-works. Sugar- 
mills for expressing the juice firom the cane in the Co- 
lonies, are also manufactured here ; and the proprietors 
have exported upwards of 150 steam-engines to the 
same quarter witnin the last seven years. Here was 
made the steam-engine which supplies Calcutta with 
water : the nabob or king of Oude, has had one to 
work a pleasure steam-yacht, and another on a small 
scale to work punkas or large fans, to ventilate and 
cool his apartments. 

At the Cognor Park works, on the borders of Derby 
and Notts, tbe Butterley Company manufacture bsur 
iron in all its forms of convenience and utility. Their 
vastness is thus described : " Conceive a space as large 
as Lincoln's Inn Fields, cohered with extended fires 
and smoke, with the rambling of blasting engines, the 
thumping of welding-hammers, and scores of men car- 
rying about masses of iron at a white heat : imagine 
furnaces of melted iron, with their narrow doors, through 
which light flows with sensible momentum, and blinds 
those who dare to look upon the liquid lakes within : 
behold sets of revolving wheels, one of them twenty- 
four feet in diameter, weighing twenty tons, yet whirl- 
ing seventy-two times in a minute ; and see the con- 
nexion of this balance and regulator: view twenty 
kinds of apparatus, alive, as it were, and with Cyclops 
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moving among them, and yon have before you these 
vast Derbyshire iron-works. To comprehend, in a sen- 
tence, the worJcs carrying on by the Butterley Com- 
pany only, I may observe, that in its iron and coal- 
works it employs twenty-five steam-engines with the 
power of 700 horses, and at this time gives employment 
to 1500 men, as miners, colliers, furnace-men, mould- 
ers, steam-engine fitters, smiths, labourers, &c."* 

Why is Swedish superior to British iron P 
Because the Swedes smelt with wood instead of 
coke. It is imported into England in great quantities, 
and is chiefly used for carbonization in steel. 

Why is iron deprived of its malleability by long-con- 
tinned hammering P 

Because it loses a portion of its latent caloric ; Dr. 
Black being of opinion that metals are malleable in 
proportion to the matter of heat which they contain in 
a latent state. 

Why is cast-iron puddled and rolled P 

Because a principal part of the foreign substances 
are thus burned away or squeezed out, and malleability 
is conferred upon the metal by rendering it more pure. 

By this curious process of puddling^ cast iron, after 
it has been to a certain extent refined^ by refusion in a 
forge, is, in this country, converted into wrought iron. 
The cast iron is put into a reverberatory furnace, and 
when in fusion, is stirred, so that every part may be 
exposed to the air and flames. After a time, the mass 
heaves, emits a blue flame, gradually grows tough, 
and becomes less fusible, and at length pulverulent ; 
the fire is then urged, so that the particles again agglu- 
tinate at a welding heat, and are graduafiy wrought 
up into masses. In that state of intense heat, the 
masses are passed successively between rollers, and the 
bars made malleable. They are cut into pieces, placed 
in parcels in a very hot reverberatory, and again ham- 

.* Abridged from Sir R. Phillips's Personal TouTf Part ii. 1830. 
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mered or rolled out into bars. They are thus rendered 
more tough, flexible, and malleable, but much less 
fusible, and may be considered as nearly pure iron. 

Why is iron better cast perpendicularly than horizon- 
tally P 

Because of the pressure of the upright column, 
which renders the iron much less liable to air-bubbles 
and imperfections of that kind, which defeat the skill 
and calculations of the machinist. If this upright 
pressure be increased by a weight of extraneous metal, 
the casting is still more likely to be sound. 

Why does a rod of wrought iron, if plunged into cast 
iron infusion, become steel? 

Because the iron absorbs part of the carbon. What 
is called case-hardening, is a conversion of the snrfajce 
of iron into steel. 

Why is the process by which iron is converted into 
steel, called cementation P 

Because it consists in heating bars of the purest iron 
in contact with charcoal ; it absorbs carbon, and in- 
creases in weight, at the same time acquiring a blis- 
tered surface. This, when drawn down into smaller 
bars, and beaten, forms tilted steel ; and this broken 
up, heated, welded, and again drawn out into bars, 
forms shear-steeL 

In this process it has been commonly considered that 
the carbon combines mechanically with the iron ; our 
chemists have, however, long been of opinion, that it 
is a chemical combination that takes place, by the grar 
dual absorption of carbon in the gaseous state, by the 
iron. This fact has been proved by Mr. Charles Mack- 
intosh, of Crossbasket, Lanark, who has taken out a 
patent for preparing steel, by subjecting the iron to a 
stream of carburetted hydrogen gas, evolved from coal 
under distillation. This iron is enclosed in a pot or 
crucible in the furnace, and when arrived at the pro- 
per heat, a stream of gas is directed by a pipe into the 
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crucible, which has another aperture to allow that part 
of the gas to escape, which has not been taken up by 
the metal. Steel, in ingots, is porous ; but, to confer 
solidity, it is hammered, tilted, and rolled. At Atter- 
clifTe, near Sheffield, are extensive works for these pur- 
poses. Here, by the power of a water-wheel, fifteen 
feet in diameter, hammers are worked, weighing from 
3 to 4l cwt. and strike, at ten or twelve inches fall, 
from 100 to 220 times in a minute. The ingots, at a 
strong red heat, are exposed to the action of these ham- 
mers, and the metals condensed into bars, which are 
next submitted, at the same degree of heat, to the 
tilting hammer, which gives 300 strokes per minute : 
lastly, they are rolled or flattened into sheets, and 
drawn into lengths. Six tons a week are hammered 
down by one hammer; about three tons are tilted; 
and twenty-four tons can be rolled, working night and 
day, by relays of hands. 

The making of steel is a British manufacture scarcely 
sixty years old. Previously it came from Austria and 
Styria, and was dear and little used. It is, however, 
now heated, welded, cut, and moulded in this country, 
with nearly the same facility as deal wood by an ordi- 
nary carpenter. 

Why does a drop of nitric acidy let fall upon steely 
occasion a black spot ? 

Because the iron is dissolved, and the carbon thereby 
exposed to view. — Parkes. 

Why is steel tempered P 

Because, when steel is heated to a cherry-red colour, 
Itnd then plunged into cold water, it becomes so ex- 
tremely hard and brittle, as to be unfit for almost any 
practical purpose ; and tempering reduces it from this 
extreme harmless, by heating it to a certain point or 
temperature. 

The polishing of steel is not executed in the same 
manner as that of the softer metals : the steel is not 

d3 
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polished until it has beeu hiudeDed, ami the harder it 
18, the more biilliant will be lis polish. Rotten-stone, 
a kind of very light tripoli, but finer than the other 
Borta, and found near Balewell, in Derbyshire, is 
esteemed for general polishing ; but steel, from iU ex- 
tieme hardness, requires to be polished with emeiy. 

Wky are variona coIouts produced on heated aleel ? 

Because of the oxidation which takes place, as is 
proved from the circumstance that when steel is heated 
and Eufiered to cool under mercuiy or oil, none of the 
colours appear; nor do they when it is heated in hy- 
drogen or nitrogen. — Brande. 

Why is it dislonuiTy to judge of the temper of «(eel hy 

Because, the surface being a little brightened, exhi- 
bits, when heated, various colours, which constaulty 
change as the temperature increases. Thus, when 
steel is placed iu a bath heated to 600", the first change 
is,atal>out430'>, "hieh is very faint; at 4fiO", the co- 
bniiistfn^'i bttuming deeper as the temperature is 
tncnsBod; at 500", the colour is brown; this is fol- 
lowed bv a red tini.'e, with streaks of purple, then pur- 
ple ; and lit nearly 600", it is blue. The degrees at 
which the ^ifiereiit colours are produced, bein^ thus 
litiown, the workniitn has only to neat the bath wilh its 
contenls up to tlie required point. For example, sup- 
pose the blade of a pen-knife, (or a hundred of them,) 
U> require tempering ; tbe;r ^'e suffered to remain in 
the bath until the mercury in the thermometer rises to 
460°, aud no longer, that being the heat at which the 
knife (supposing it to be made of the best English cast 
eleel) wiU he sufficiently tempered. 

Why it ctut tteel to called ? 

Because it is prepared by fusing blistered steel nith 
a flux composed of carbonaceous and vitrifiable ingre- 
dients, easting it into ingots, and afterwards by gentle 
heating, and careful hammering, giving it the form of 
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Why is ihe^Peruvian steel so called F 

Because it is an alloy of steel with certain portions 
of other metals from Peru. It is, technically speaking, 
sadder^ not so easy to work as other steel, and yet much 
harder and tougher than any other. 

CUTLERY. 

Why is steel used for making cutting instruments P 

Because it combines the fusibility of cast with the 
malleability of bar iron, and when heated and suddenly 
cooled, becomes very hard. 

The rapidity with which razors, knives, &c. are pro- 
duced from tne raw material, is truly astonishing. 
Thus in the workshops at Shefiield, we may in a few 
minutes see dinner knives made from the steel bar 
and all the process of hammering it into form, welding 
the tang of the handle to the steel of the blade, hard- 
ening the metal by cooling it in water and tempering 
it by de-carbonizing it in the fire. 

The number of hands through which a common 
table knife passes in its formation is worthy of being 
known to all who use them. The bar steel is heated 
in the forge by ^A^maAer, and he and tfie striker reduce 
it in a few minutes into the shape of a knife. He then 
heats a bar of iron and welds it to the steel so as to 
form the tang of the blade which goes into the handle. 
All this is done with the simplest tools and contri- 
vances. A few strokes of die hammer in connexion 
with some trifling moulds and measures, attached to 
the anvil, perfect, in two or three minutes the blade 
and its tang or shank. Two men, the maker, and 
striker, produce about nine blades in an hour, or seven 
dozen and a half per day. The rough blade thus 
produced, then passes through the hands of the filer, 
who files the blade into form by means of a pattern in 
hard steel. It then goes to the hafters to be hafted in 
ivoj^, horn. Sec. and then to the finisher. In this pro- 
fession, every table-knife, pocket-knife, or pen-knife, 
passes, step by step, through no less than 16 hands 
or 144 separate stages of workmanship. 
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Sheffield employed about 15,000 persons in these 
departments, four years since : 

On table-kniyes 2^240 

On spring-kttiyes 2,190 

On razors 478 

On scissors 806 

Onfiles 1,284 

On saws 400 

On edged tools 541 

On forks , 480 

Inthecountry 190 

In the plated tradenearly 2000 

Abont.... 10^9 

Besides those who are employed in Britannia-metal 
ware, smelting, optical instruments, grinding, polic- 
ing, &c. &c. making full 5,000 more. There are full 
1,700 forges engaged in the various branches of the 
tmdes, and of course as many fires. 

Why are the most minute instruments generally made 
with good steel f 

Because it is much more ductile than iron : a finer 
wire being drawn from it than from any other 
metal. 

Why is Wootz or Indian steel the most valuable for 
making edge tools P 

Because it is combined with a minute portion of the 
earths, alumina and silica; or rather perhaps, with 
the bases of these earths. Whether the earths are 
found in the ore, or are furnished by the crucible in 
making the steel, is not certainly known ; nor is the 
Indian steel-maker probably aware of their presence. 
Wootz, in the state in which it is imported, is not fit 
to make into fine cutlery. It requires a second fusion, 
by which the whole mass is purified and equalized, 
and fitted for forming the finest edge instruments. — 
Brande. 

Why does a razor operate best when dipped in hot 
water P 

Because the temperature of the blad^has then been 
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raised, and the fineness of the edge proportionally in- 
creased. 

In some experiments, the knife edges attached to 
the pendulum described by Captain Kater, in PhiL 
Trans, 1818, on being carefully hardened and 
tempered in the bath at 432®, \cere, on trial, found 
too soft They were a second time hardened, and 
then heated to 212®, at which point the edges were 
admirably tempered. ' This, it will be remembered, 
is the heat of boiling water, and further illustrates the 
preceding question. 

In the manufacture of a razor, it proceeds through 
a dozen hands; but it is afterwards submitted to a 
process of grinding, by which the concavity is perfected, 
and the fine edge produced. They are made from 
1«. per dozen, to 20s, per mzor, in which last the 
banole is valued at I6s. 6d. — Scissors, in like manner, 
are made by hand, and every' pair passes through 
sixteen or seventeen hands, including fifty or sixty 
operations, before they are ready for sale. Common 
scissors are cast, and when riveted, are sold as low as 
4;. 6d. per gross ! Small pocket knives too are cast, 
both in blades and handles, and sold at 6s. per gross, 
or a halfpenny each! These low articles are ex- 
ported in vast quantities in casks to all parts of the 
world. 

ZINC. 

Why is Zinc useful in the arts P 

Because, in combination with copper or tin, in 
various proportions, it forms some of the most useful 
compound metals or alloys. Thus, with copper, it 
constitutes brass, pinchback, and tombac ; with little 
copper. Prince's metal ;* with tin and copper, bronze. 

Roofs covered with zinc are very numerous in the 
Low Countries, but have one bad quality. In cases of 
fire, the zinc being very combustible, soon becomes in- 
flamed, and falling all around, occasions great danger 

* See DoMESTicSciENCB,pa9e65. 
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to those who approach the building. In short, zinc is 
the most combustible metal we have. If beaten out into 
thin leaves, it will take fire from the flame of a com- 
mon taper. 

Why has the oxide of zinc been substituted for 
white lead in hotue-painting. 

Because it preserves a good colour much longer : 
it is not, however, of so perfect a white as lead. 

TIN. 

Why did the ancients mix tin with their copper coins 
and edge tools P 

Because it occasioned the coins to wear longer, and 
it imparted sufficient hardness to the copper to render 
it capable of forming very good cutting instruments. 
Mr. Parkes, in analysing several Roman brass coins, 
from various periods of ue Empire, found tin to be a 
component part in all of them. 

Why is not Spanish tin used in this country P 
Because it bears a prohibitory duty of 30/. per cent. 
It is raised in great quantities in South Amenca, and 
is very pure, but not so neatly manufactured as the 
Cornish tin. According to Aristotle, the tin mines of 
Cornwall were known and worked in his time. Dio- 
dorus Siculus, who wrote 40 years before Christ, des- 
cribes the method of working these mines, and says, 
that their produce was conveyed to Gaul, and thence 
to different parts of Italy. The miners of Cornwall 
were so celebrated for their knowledge of working 
metals, that about the middle of the 17th century, 
the renowned Becher, a Physician of Spire, and tutor 
of Stahl, Oftme over to this country to visit them. 

A celebrated tin mine was the lamous wherry nuney 
near Penzance. The shaft through which the miners 
went down to work, was situated nearly 100 yards 
below water mark. " The opening of this mine says 
Dr. Maton, " was an astonismngly adventurous 
'luidertaking. Imagine the descent into a mine through 
the sea, the miners working at the depth of 17 fathoms 
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below the waves ; the rod of a steam engine, extend- 
ing from the shore to the shaft, a distance of nearly 
120 fathoms, and a great number of men moment- 
arily menaced with an inundation of the sea, which 
continually drains in no small quantity through the 
roof of the mine, and roars loud enough to be dis- 
tinctly heard in it." The working of mis mine was 
wholly given up in the year 1798. 

Such is the mineral wealth of Cornwall, that it 
contains more men, who possess fortunes, sprung 
from the mines, of five and from that to twenty 
thousand pounds, than there are in any other county 
of England, excepting the metropolis and its vicinity; 
and there are some instances of individuals acquiring 
from fifty to two hundred thousand pounds, from the 
mines, and by a fortunate course of trade. 

Why should tin he chosen for its lightness ? 

Because its purity is in exact ratio with its levity ; 
while gold, on the contrary, unless alloyed with plati- 
num, is fine in proportion to its density. 

Why is tin so important to the dyer P 

Because it is employed to give a brightness to cochi- 
neal,^ archil, and other articles used in forming reds 
and scarlets ; and to precipitate the colouring matter 
of other dyes. For these purposes it is previously 
dissolved in a peculiar kind of aqiuL-fortis^ called 
dyer^ spirit. 

Tin is consumed in large quantities by the dyers ; 
it is also used for covering sheet iron to prevent its 
rusting, and in forming plumbers' solder, speculum 
metal, pewter, and some other alloys. Its oxides are 
used in polishing glass, in glazing some kinds of 
earthenware, &c. 

Why is tin-plate so called ? 

Because it is made by dipping clean iron plates 
into melted tin. When t!tn-plate is washed over with 

• * See Zoo LOGY — Insects, page 258. 
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a weak acid, the cTystalline texture of the tin he- 
comes heautifully evident, fonning an appearance 
which has heen called moire metallique. 

Why are pins whitened hy boiling in grain-tin and 
supertartrate of potash P 

Because the tartaric acid first dissolves the tin, and 
then gradually deposits it on the surface of the pins, 
in consequence of its greater affinity for the zinc, of 
which the brass wire is composed. 

Why were the Stannary Courts so called P 

Because they regulated the affairs of the tin {Stan- 
nuniy Latin,) mines, and determined causes among the 
tinners, whether criminal or actions for debt. At Lyd- 
ford, on the borders of Dartmoor, was one of the Stan- 
nary prisons : hence the Devon and Cornwall saying: 

" First hansr and draw, 

Then hear the cause by Lydford Law ;" 

or Lydford Law, by which they hang men first, and 
try them afterwards. 

LEAD. 

Why is lead employed in refining the precious metals? 

Because when mixed with them in a great heat, 
it rises to the surface combined with all heteroge- 
neous matter. Lead is employed to cover buildings, 
to form water-pipes, (though Vitruvius, 4;he Roman 
architect, in the time of Augustus, condemned this 
practice,) and to make a great variety of vessels for 
economical purposes. Its oxides are used for dyeing 
and calico-printing, in the manufacture of glass, earth- 
enware, and porcelain ; and lead is capable of forming 
various alloys. There is also a large consumption of 
lead in making shot.* 

Why is lead employed in the manufacture of white 
metal buttons P 

Because it has been discovered that a certain pro- 

* See Mechanics, p. 20, 
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portion of lead may be mixed with the metal formerly 
used, without injuring the appearance of the button ; 
thus affording a very considerable additional profit to 
the manufacturer. 

Why is lead employed to correct harsh tuine? 

Because it has the property of imparting a saccha- 
rine taste when dissolved in acids, as in that of the 
wine. The ancients knew that this metal rendered 
harsh wine milder, but it was not universally known , / 
to be poisonous. According to Pliny, the Greeks and ^ 
Romans proved the quality of their wines by dipping a 
plate of lead in them. Lead will also take off.tne ran- 
cidity of oils. 

Why were blocks of lead called pigs P 

Because they might be distinguished from larger 
blocks, called sows^ which latter term is still retained 
in the word sow-metal. In 1773, a pig of lead was dug t^ 
up near Tamworth, with an inscription of the date 
76, A.D., or 1697 years old; thus proving lead to have 
been used by the Romans in this country. 

Why is lead cast in such regtdar sheets F 
Because the melted metal is suffered to run out of 
a box through a long horizontal slit upon a table pre- . 
pared for the purpose, while the box is drawn by ap- {/ 
propriate ropes and pulleys along the table, leaving the 
melted lead behind it in the desired form, to congeal. 
The lead thus cast is then passed between two iron 
rollers placed at such a distance from each other, as 
will reduce it to the requisite thickness. 

WTiy is comm/m lead changed into red lead by inelt- 
ing it in ovens with a free access of atmospheric air? 

Because the lead absorbs so much oxygen as to be- 
come converted into an oxide. Thus, the melted lead 
is exposed until the surface is covered with a pellicle ; 
this pellicle being removed, another is formed ; and 
thus, by successively removing the pellicle as it forms, 
the greater part of tne lead is soon changed into a yel- 

PART X. E 
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lowisli-green powder. This powder is then ground in 
a mill, and when it ha'^ been washed and properly 
dried, is thrown back into the furnace ; and this, by 
constant stirring for thirty or forty hours, so as to expose 
every part to the action of the air, becomes red lead, 
and is taken out for use. Twenty cwt. of lead gene- 
rally give 22 cwt of red lead ; so that 2 cwt. of oxygen 
are absorbed from the atmosphere during the process. 
The only important alloys of lead are those with tin. 
Common pewter consists of about 80 parts of tin and 
20 of lead. Equal parts of lead and tin constitute 
plumbers^ solder ; and what is termed pot-metal , is an 
alloy of lead and copper. 

llie reduction of native lead upon a large scale, is 
a sufficiently simple process. The picked ore, after 
having been broken and washed, is roasted in a rever- 
beratory fire, the temperature being such as to soften 
but not fuse it. During this operation, it is raked till 
the fumes of sulphur are dissipated, when it is brought 
into perfect fusion; the lead, reduced by the ftiel, 
sinks to the bottom, and runs out into oblong moulds 
called m^5; the scoris are again melted, and furnish 
a portion of less pure metal. The mines of Great 
Britain afford an annual produce of about 48,000 tons 
pf smelted lead. There is a peculiar variety of native 
lead, called in Derbyshire Stickensides, wluch, when 
touched by the miners' pick, often splits asunder with a 
kind of explosion.* 

Plumbago, graphite, or black lead, is generally re- 
garded as a true carburet of iron : it is not uncommon, 
though rarely found sufficiently pure for pencils ; the 
coarser kinds, and the dust, are melted with sulphur, 

* The practice and laws of mining in Derbyshire, are somewhat 
curious. Sir Richard Phillips, in his recent Personal Tour, tells ns, 
*' there is a large district called the King^s Fieldy and as the kmg is en- 
titled to a share, so any person finding a vein of ore, may, on giving 
notice to the Bar-master y an officer so called, work the said Tein for his 
own benefit, and the king's. The Bar-master then places a crtMS-stick 
on the spot, and tlie vein is deemed the legal property of the discoTerer, 
who IS, moreover, entitled to a right of way to the neax«8t public road." 
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for common carpenters' pencils : it is sometimes used 
in manufacturing crucibles, and in compositions for 
covering cast-iron, and for diminishing friction in mar 
chinery.* 

Mr. Bakewell was informed at the celebrated 'mine 
in Borrowdale, tbat black-lead, to the amount of one 
thousand pounds, had been obtained there in one day. 

Why is coTnmon while-lead made by exposing sheet- 
lead to acetic acid P 

Because the fiunes of the acid oxidize the metal. 
Thus, a number of crucibles, holding from three to six 
quarts each, and nearly filled with vinegar, are placed 
in hot-beds of tan : upon these crucibles thin sheets of 
lead, rolled up in coils, are placed, one coil over each 
crucible. The heat of the bed occasions the vinegar 
to rise in vapours, and this attaches itself to the lead, 
and oxidizes its surface to a considerable depth. The 
oxide which has been thus formed, is scraped off, and 
the coils of lead replaced : in this manner the opera- 
tion is repeated, until the whole of the metal is oxi- 
dized. This oxide, which contains a portion of carbo- 
nic acid, is afterwards washed, and ground for sale. 

Why does linseed^ily boiled vnth red-lead, become 
dryi^ oil ? 

Because the oxygen of the metal combines with the 
oil, imparting to it the property of drying quickly. 

ANTIMONY. 

Why is antimony important in the arts P 
Because, alloyed with lead, in the proportion of 1 to 
16, and a small addition of copper, it forms the 
alloy used for printers' types : with lead only, a white 
and rather brittle compound is formed, used for the 
plates upon which music is engraved. With tin, anti- 
mony constitutes a kind of pewter, a term, however, 
applied to an alloy of lead and tin. The finest 

* See Mbgbanics, page 36. 
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pewter consists of about twelve parts of tin and one of 
antimony, with a small addition of copper. A good 
white metal, (Britannia) used for tea-pots, is composed 
of 100 tin, 8 antimony, 2 bismuth, and 2 copper. 

COPPER. 

Why is copper chosen for making trumpets and other 
musical instruments ? 

Because of its sonorous property. 

Why is copper-wire cJiosen by wire-dancers.^ 

Because of its great elasticity. Thus a wire 1-1 Otb 
of an inch in diameter, will support nearly 300 lb. 

The first copper smelting works were established at 
Swansea, about a century ago, — ^but the business has 
so increased, that it is calculated not fewer than 10,000 
persons are now employed in the works and the collie- 
ries, and the shipping connected with them. 

The following is an outline of the process by which 
ores of copper are reduced, as carried on upo^ a large 
scale near Swansea, where the chief part of the Corn- 
ish ores are brought to the state of metal. The ore, 
haying been picked and broken, is heated in arererbe- 
ratory furnace, by which arsenic and sulphur are driven 
off. It is then transferred to a smaller reverberatoiy, 
where it is iused, and the slag which separates, being 
occasionally removed, is cast into oblong masses, used 
as a substitute for bricks. The impure metal cdlected 
at the bottom of the fiirnace, is granulated by letting 
it run into water; it is afterwards melted and granu- 
lated two or three times successively, in order nirther 
to separate impurities, which are chiefly sulphur, iron, 
and arsenic, and ultimately cast into oblong pieces 
called pigs, which are broken up, roasted, and lastly 
melted with charcoal in the refining furnace. Mallea- 
bility is here conferred upon the copper, and its texture 
improved by stirring the metal with a pole of green 
wood, generally birch, which causes great ebullition 
and agitation ; assays are occasionally taken out, and 
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the metal, originally crystalline and granular when 
cold, now becomes nne and close, so as to assume a 
silky polish when the assays are half cut through and 
broken. The metal is now cast into cakes about twelve 
inches wide, by eighteen in length. Copper for brass- 
making is granulated by pouring the metal through a 
perforated ladle into water; when this is warm, tibe 
copper assumes a rounded form, and is called belan 
shot; but if a constant supply of cold water is kept up 
it becomes ragged, and is csuled feathered shot. An- 
other form into which copper is cast, chiefly for ex- 
ports to the East Indies, is in pieces of the length of 
six inches, and weighing about eight ounces each: 
the copper is dropped from the moulds, immediately 
on its becoming solid, into a cistern of cold water; and 
thus, by a slight oxidation of the metal, the sticks 
acquire a rich red colour on the surface. This is called 
Japan Copper. — Brande. 

Sulphate of copper, or Roman vitriol, is much used 
by dyers, and in many of the arts. Fowling-pieces and 
tea-urns are browned, by washing them witfi a solution 
of this salt Verdigris is an acetate of copper. Blue 
verditer, much used in staining paper for hanging 
rooms, is a nitrate of copper, combinea with hydrate of 
lime. Mineral and Brunswick green, are likewise 
combinations of copper with potash, &c. At Mont- 
pellier, the manufacture of rough verdigris is part of 
the household business in the wine-farms, and is gene- 
ralhr done by the women. 

The annual value and produce of the copper and tin 
from the mines of Cornwall and Devonshire, on an 
average of several years, may be stated at 75,000 tons 
of copper ore, value £800,000. sterling ; 3,250 tons of 
metallic tin, value JB227/500. — BakeivelVs Geology. 

According to the tables of the produce of the soft me- 
tals nused in Great Britain, as given in a work en- 
titled Records of Mining^ the quantity raised in a year 

e3 
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is as follows: — copper, 16,635 tons ; lead, 47,000 tons; 
and tin, 5,316 tons. 

Why is the rust advantageotis to copper P 
Because the coiToded part is very tnin, and preserres 
the metal beneath from further corrosion. 

Why have small bells a shrill tone ? 
Because zinc is added to their composition, usually 
consisting of three parts copper and one of tin. 

Why has apparatus been invented for sounding bells 
without pulling P 

Because buildings suffer much from the sounding 
of bells, especially when they are very heavy. Let 
one, in fact, only imagine a mass of several tons 
swinging to and fro, and he will readily perceive how 
much a building must be shaken by it. In Denmark, 
Professor Oersted has introduced into a bell a balance ; 
similar to that of a pendulum. An axis, by turning, 
raises a hammer, which, at each tiun, strikes the bell, 
and produces a sound which cannot be distinguished 
from that emitted by the bell when tolled. 

The largest bells in the world are to be found in 
Russia. The " Great Bell" of Moscow, cast in the 
year 1736, weighs 432,000 pounds, is 19 feet high, 
21 yards in circumference at the bottom, and at its 
greatest thickness 23 inches.* 

Why should children be cautioned against eating the 
imitative gold on gingerbread^ Sfc. P 

Because it is nothing more than a fine kind of brass, 
which is supposed to be made by cementation of copper 
plates with calamine, and hammered out into leaves 

* Mirrors are also cast of larger dimensions at St Petersbvurgh, tiuui 
(elsewhere. In the Imperial manufactory here, vras cast fw Pnnce 
Potemkin, a miiTor, measuring 194 inches by 100. One, of the same 
proportions, and valued at three thousand guineas, was cast' for the 
Duke of Wellington, a few years since, bat was broken to atoms in its 
conveyance from St. Petereburgh to England. 
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in Germany. It is sold very cheap in this country, 
under the name of Dutch gold or Dutch metal. It is 
about five times as thick as gold leaf; that is to say, 
it is about one sixty-thousandth of an inch thick. 

Why is tin preferable to otJier metals for lining copper 
vessels? 

Because it combines with copper at a much lower 
temperature than is necessary to fuse the copper alone. 
When vessels are tinned, they are first scraped or 
scoured ; after which they are rubbed with sal-ammo- 
niac. They are then heated, and sprinkled with 
powdered resin, which defends the clean surfuce of the 
copper from acquiring the slight film of oxide, that 
would prevent the adhesion of the tin to its surface. 
The melted tin is then poured in and spread about. 
An extremely small quantity adheres to the copper, 
which may perhaps be supposed insufficient to prevent 
the noxious effects of the copper as perfectly as might 
be wished. 

Why do watchmakers prefer Dutch brass to the 
Enylish ? 

because of its superior ductility, which is owing to 
the large proportion of copper contained in it ; the 
Dutch being a compound of two atoms of copper and 
one of zinc, while the English is of equal parts of 
copper and zinc. — Thofms(m. 

COBALT. 

Why is cobalt extremely valuable to the manufacturers 
of porcelain P 

Because it not only produces a beautiful coloiu*, but 
endures the extreme heat of their furnaces unaltered. 
This colour is so intense, that a single grain of the 
pure oxide will g^ve a deep tint of blue to 340 grains 
of glass. Smalt, or powder-blue, used by laundresses, 
consists of oxide of cobalt, ground impalpably with 
fiint-glass. This is also used to give a blue tinge to 
wanting and printing papers. 
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Cobalt ores generally contain arsenic : they are so 
contaminated with it, that the workmen who are em- 
ployed seldom live many years. 

Why is cobalt especially valtmhle in the fine arts P 
Because its oxide forms the most permanent blue 
colour that we are acquainted with. La Grange says 
that the old painters used this oxide mixed with oil 
in their paintings, which is the reason why the sky 
and drapery in some old pictures are of so durable a 
blue. 

BISMUTH. 

Why is bismuth important in the composition for 
printing-types P 

Because it has the singular property of expanding 
as it cools ; and from this expansive property are ob- 
tained the most perfect impressions of the moulds in 
which the letters are cast. The larger kind of types 
are generally made with lead and antimony, in the 
proportion of from 4 to 16 parts of the former to one 
of the latter. 

SILVER. 

Why is silver alloyed 'with copper for plate and coin P 

Because the former metal is thus rendered harder 
and more sonorous, while its colour is scarcely im- 
paired. 

The silver mines of Mexico and Peru far exceed in 
value the whole of the European and Asiatic mines : 
for we are told by Humboldt, that three mines, in the 
space of three centuries, afforded 316,023,883 pounds 
troy of pure silver ; and he remarks that this quantity 
would foi-m a solid globe of silver, 91,206 English feet 
in diameter. (Jameson.) Mr. Helms is of opinion 
that the Andes, if properly examined, would afford 
silver enough to overturn our present commercial system, 
by making silver as common as copper. 

Silver has also been obtained firom some of the lead 
mines of Great Britain. Bishop Watson, in his Che- 
mical Essaysy notes, " By the silver which was produced 
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from the lead mines in Cardiganshire, Sir Hugh Mid- 
dleton is said to have cleared two thousand pounds a 
month, and that this enahled him to undertake the 
great work of bringing the new river from. Ware to 

London." 

• 

Why does silver tarnish and blacken P 

Because of the sulphureous vapours in the atmos- 
phere : pure water has no effect upon silver; but if the 
water contain vegetable or animal matter, it often 
slightly blackens its surface in consequence of the 
presence of sulphur. 

Why is the German ^^ silver'^ improperly so nam£d F 
Because it is nothing more than the white copper 
long known in China, and does not contain a particle 
of silver ; it is only an alloy of copper, metal, and nickel. 
Although only now coming into known use in England, 
it has been no stranger to the manufactories of Bir- 
mingham for at least twenty years or more. 

Why is plating so called P 

Because it is performed by the application of a plate 
of silver to the surface of copper, which is afterwards 
beaten or drawn out. Amalgam of silver is sometimes 
employed for plating ; it is applied to the surface of 
the copper, and the mercury being evaporated by heat, 
the remaining silver is burnished. A mixture of 
chloride of silver, chalk, and pearlash is employed for 
silvering brass : the metal is rendered very clear, and 
the above mixture, moistened with water, rubbed upon 
its surface. In this way, thermometer scales and clock 
dials are usually silvered. 

A note upon the duty on plate will show how large 
a portion of gold and silver is annually diverted from 
the purposes of coin to those of ornament and luxury. 
The rate of duty upon silver wrought plate in 1804, 
was 1«. Sd. ; upon gold 10s. per ounce ; it was afterwards 
raised to Is.Qd. upon silver, and to 175. upon gold. 
At this time the annual net duty was less than 5000/. ; 
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in 1828, it was upwards of 105,000/. ; a rise more than 
twenty-fold, notwithstanding the greatly diminished 
supply from the mines, and the consequent increasing 
value of the precious metals. 

Why is coal gas injui'ious to silver and plated goods P 
Because of the sulphuretted hydrogen which it con- 
tains. 

Why is the Birmingham and Sheffield plate superior 
to that formei'ly madeP 

Because the old method was hy dissolving mercury 
in nitrous acid, dipping the copper, and depending 
on the affinity of tne metals, by which a very slight 
article was produced. But at Sneffield and Birming- 
ham, all plate is now produced by rolling ingots of 
copper and silver togemer. About the eighth of an 
inch in tliickness of silver is united by heat to an inch 
of copper in ingots about the size of a brick. It is 
then flattened by steel rollers worked by an eighty- 
horse power. The greater malleability of the silver 
occasions it to spread equally with the copper into a 
sheet of any required thickness, according to the 
nature of the article for which it is wanted. Plated 
metal, the eighth of an inch thick, is thus rolled by the 
hand into ten times the surface, the alver spreading 
equally ; and the plating would be perfect if the rolling 
had reduced it to the thinness of silver paper ! This 
mode of plating secures to modem plate a durability 
not possessed by any plate silvered by immersion. 
Hence plated goods ai'e now sought all over the world, 
and, if fairly used, are nearly as durable as silver 
itself. Of this material, dinner and dessert services 
have been manufactured at from fifty to three hundred 
guineas, and breakfast sets from ten to two hundred 
guineas, as sold on the spot. 

GOLD. 

Why is gold alloyed with copper for coin P 
Because it is thus made harder than pure gold, and 



ARTS AND MANUFACTURES. 47 

resists wear better than any other alloy except that with 
sil?er. 

The produce of theUral gold mines amounted, in 1 827, 
to 672,416/. Gold is also found in the Rhine ; but 
the quantity is so scanty, that, the washer considers it 
a good day s work, if he succeed in collecting to the 
value of 58. or 6«. From the official accounts of the 
yearly produce obtained from that stream in the Grand 
Ducny of Baden, we observe the value was, in 1821-2, 
£603; 1826,^808; 1827-8, £943. The last produce, 
small as it may appear, for it scarcely exceeded 17 
pounds in weight, shewed so considerable an increase 
upon preceding years, that a gi*eat impulse was given 
to this branch of industry in Baden. 

We have already noticed the malleability of gold, 
though not its actual Hmit;* for the gold-beaters find 
it necessary to add three grains of copper in the ounce, 
to harden the gold, which otherwise would pass round 
the irregularities of the newest skins, and not over 
them : and in using the old skins, which are not so 
perfect and smooth, they even add twelve grains. The 
viixe which is used by the lace-makers, is drawn from 
an ingot of silver, previously gilded. In this way, 
from the known diameter of me wire, or breadth when 
flattened, and its length, together witii the quantity of 
gold used, it is found, by computation, that the cover- 
ing of gold is only 1-1 2th part of the thickness of gold 
leaf, though it is still so perfect as to exhibit no cracks 
when viewed through a microscope. 

Fifty thousand pounds worth of gold and silver are 
said to be annually employed at Birmingham in gild- 
ing and plating, and of course lost for ever as bullion. 
— The ductility of gold is suchf that one ounce of 
it is sufficient to gild a silver wire more than 1,300 
miles long. 

• See Mechanics, p. 17. 
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Why is mercury used to separate gold and silver from 
the extraneous matter found with those metals F 

Because, by triturating the mass with mercury, the 
gold and silver become amalgamated with it; and 
afterwards this amalgam is submitted to heat, when 
the mercury sublimes ; the precious metals leaving in 
a state of purity. 

The gilding of buttons is, in part, similarly effected. 
When the buttons, which are of copper, are made, 
they are dipped into dilute nitric acid, to clean them, 
and then burnished with a hard black stone : they are 
then put into a nitric solution of mercury, and stirred 
about with a brush till they are quite white : an amal- 
gam of gold and mercury is then put into an earthen 
vessel with a small quantity of dilute nitric acid ; and 
in this mixture the buttons are stirred till the gold 
attaches to their surface: they are then heated over 
the fire till the mercury begins to run, when they are 
thrown into a large cap made of coarse wool and goat's 
hair, and in this they are stirred about ^vith a brush. 
The mercury is then volatilized, by heating over the 
fire in a pan. By Act of Parliament, a gross of but- 
tons, of an inch diameter, are required to have five 
grains of gold on them ; but many are deficient even 
of this small quantity. 

Why is false gilding so called? 

Because it is the art of applying thin leaves of sil- 
ver, or of tin, to the substance to be gilded, and then 
rubbing them over with a yellow transparent colour, 
through which the metallic splendour appears : this is 
very old ; and a method of affixing a white metal to 
paper, and then covering it with a gold varnish, has 
been known in China from- the earliest ages. It ap- 
pears also to have been employed at a very remote 
period for gilding leather, oi which many specimens 
may be found in ancient leathern tapestiy. 
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PLATINUM. 

Why is platinum so called ? 

Because it resembles silver ; the term, in the lan- 
guage of Peru, meaning " little silver." 

Platinum may always be known from other metals 
by its superior specific gravity, it being the heaviest 
body in nature. The important uses to which this 
]^«cious metal may be applied, can be easily conceived, 
when it is considered that it unites Uie indestructibility 
of gold to a degree of hardness almost equal to that of 
iron ; that it resists the action of the most violent fire, 
and also of the most concentrated acids. One of its 
more useful applications has been to the coating of 
copper with as much ease as the common operation of 
tinning. The high value of platinum is however very 
much against its general adoption, for although much 
cheaper than gold, it is worth between four and five 
times it weight of silver. 

Why is the alloy of steel and platinum well adapted 
for mirrors P 

Because it takes a fine polish, and does not tarnish. 

Why is platinum ivell adapted for^ tfie manufacture of 
rings and chains p 

Because it has the property of being united by weld- 
ing, either one piece to another, or with iron, or steel. 
Hence its durability must add to its value. 

Abeautiiful coinage of platinum has lately been 
issued in Russia, the metal being found in considerable 
quantities in the Uralian mountains of Siberia. 

Why is rhodium used for the nibs of metallic pens ? 

Because of its extreme hardness and durability. For 
this successful application, the elegant arts are indebted 
to the suggestion of the late Dr. WoUaston. 

GLASS, 

Why is lead important in glass P 

Because its oxide, in the form of litharge, or mi- 
nium, increaises the fusibility of the compound, gives 
it greater tenaciousness when hot, increases its refrac- 

PART X. F 



50 KNOWLEDGE FOR THE PEOPLE. 

tive power, and enables it to bear sudden changes of 
temperature. It is a copious ingi'edient in the Lon- 
d4m flint glass^ celebrated for its brilliancy when cut, 
and used for most optical purposes. Lead, however, 
renders glass so soft as easily to ^cratch. 

The manufacture of glass is as follows : — The glass- 
pots are placed round a dome-shaped furnace, built 
upon arches, and open beneath for the fi*ee admission of 
air ; there are generally six in each furnace, and they 
are entirely enclosed, except at an orifice on the side 
opening into a small recess formed by the alternate 
projection of the masonry and the flues, in which the 
workmen stand. Coal is the fuel employed, and the 
furnace is so built that a rapid current of flame may 
be directed round each glass-pot, which afterwards 
passes out with the smoke into the dome and chimney, 
heating a broad covered shelf in its passage, which is 
the annealing oven. The materials, or fret, being 
fused, and the impurities removed, gradually become 
clearer, abundance of air-bubbles are extricated, and 
at length the glass appears uniform and complete; 
the fire round each ipdividual pot is then damped, till its 
contents acquire a consistency fit for working; the 
whole process requiiing about forty-eight hours from 
the time the pots are filled. At the working heat, which 
is a full red, the glass has a peculiariy. tenacious 
consistency, and as it adheres but feebly to polished 
metals, it is easily wrought and managed with iron 
tools.* 

- ■ ■ ■ ^ — ■■ — — -y ■ ■ — ■ ■■■ ■ ■ ■ I ■ ■»■ , - ■ ■ . _■■ ■ I ■ I ■■ ■ . . ■ 

* Mr.Brandef in a note to his Mannal of Ckemistryy observes: " All 
common glass, when reduced to a fine powder, is more or less acted on 
by boiling water, which separates the alkali, and its entire disintecraF. 
tion seems only to be prevented by the inaolability of the silica. GHass 
which has long been exposed to the weather, frequently exhibits a beau- 
tiful irridescen t appearance, and is so for decayed, that it may be scratched 
with the nail. Several years ago, I examined some bottles (rf* wine which 
had Iain in a wet cellar,near the Bank, upwards of ldOyears,havingbeen 
deposited there (as rircumstances proved) previous to the great fire of 
London in 1666. The glass was soft, and greatly corroded upon the snr- 
fece, in conseqaence of the abstraction of its alkali. The wine appeared 
to have been Malaga and Claret ; the latter had perished, butthe former 
was still vmou8.'> 
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It is a curious fact in the history of discovery, that 
the manufacture of glass is unknown at Sidon, though 
this part of the country was once famous for the disco- 
yenr of, as well as production of articles in, that mate- 
rial. The story of the discovery of glass by Phcenician 
mariners at Belus, near Sidon, in Syria, is mentioned 
by Pliny. Dyeing, however, is still practised, though 
not with the same success as among the ancient Tyrians, 
who were descended from the builders of Sidon. The 
standard of Syria in arts and manufactures, is, indeed, 
every where, much below that of the most backward 
nation in Europe. 

Why do all glass articles require to be carefully an- 
nealea, or suffered to cool very slowly ? 

Because they would otherwise be remarkably brittle, 
and apt to crack, and even fly into pieces upon the 
slightest touch of any hard substance. 

Whv are plate-glass windows superior to those of comr 
mon glass F 

Because the two surfaces of common window.glass 
are not perfect planes, and not perfectly parallel to each 
other, as in the case of plate-glass ; whence objects 
seen through the former, appear generally more or less 
out of shape ; and hence comes the elegance and beauty 
of plate-glass windows ; and the singular distortion of 
things viewed through that swelling or lump of glass 
which remains where the glass-blower's instrument was 
attached, and which appears at the centre of certain very 
coarse panes. *^ 

The variation is also thus philosophically explained : 
'^ As it is the obliquity between the passing ray and the 
surface, which, in any case of refraction, determines the 
degree of bending, a body seen through a medium of 
irregular surface, appears distorted, according to the 
nature of that surface." — Amott. 

Why is plate-glass so expensive F 
Because of the difficulty of producing a perfect 

f2 
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plate, without specks, bubbles, or waves, and the risk 
of breakage. Its manufacture is as follows : 

The materials being fused, are poured upon a hot 
copper-plate ; the mass is then rolled out, annealed, 
and afterwards polished by grinding with sand, emery, 
and colcothar. 

Previously to 1569 all the glass employed in mirrors 
was blown; when a Frenchman, named Thevart, dis- 
covered the art of casting it The art of polishing it 
waa invented by Riviere Dufresny. The French 
glass for the royal manufactories is now cast at Tour- 
laville, near Cherbourg, and at St Gobin an ancient 
chateau near la Fere ; it is afterwards sent to Paris to 
be polished, silvered, and cut Glasses are finished 
here to the value of nearly 600/. each, and are some- 
times 10 feet in height by 6^ in width. 

The price of large-sized pier-glasses is within the 
reach of the most moderate incomes, and there is 
scarcely a family in France which does not possess 
one or two ; while, as we all know, they are rarely to 
be met with in England, except in expensively fur- 
nished houses. 

Why was the black oxide of manganese formerly 
called glass soap P 

Because it cleanses certain impurities, and espe- 
cially the green tinge which is apt to arise irom im- 
pure alkali. 

Why do glass-cutters use the point of a diamond for 
dividing and shaping their panes P 

Because diamond is the hardest of known substances, 
and cuts or scratches every other body. — Amott. 

Glass can, however, only be cut by the natwral 
point of the diamond. There are various other me- 
thods of cutting glass, among which the following, 
from a French Journal, merits notice. 

If a tube, or goblet, or other round glass body is to 
be cut, a line is to be marked with a gun-flint, having 
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a sharp angle, an a^te, a diamond, or a file, exactly 
on the place where it is to be cut. A long thread, 
covered with sulphur, is then to be passed two or 
three times about the circular line, and is to be inflamed 
and burnt ; when the glass is well heated, some drops 
of cold water are to be thrown on to it, when the 
pieces will separate in an exact manner as if cut with 
scissors. It is by this means that glasses are cut cir- 
cular into thin bands, which may either be separated 
from, or repose upon, each other at pleasure, in the 
manner of a spring. 

Why is the white enamel in imitative gold trinkets 
of such little value? 

Because it is merely glass rendered more or less 
milky or opaque, by the addition of oxide of tin ; it 
forms the basis oi many of the coloured enamels, 
which are tinged with the metallic oxides. 

Why are leaden bullets let fall on glass cooled in the 
open air, without breaking it, whereas a few grains of 
sand also let fall on the glass would break it into a thou- 
sand pieces r 

Because the lead does not scratch the surface of 
the glass ; while the sand, being sharp and angular, 
scratches it sufficiently to break it. 

Why are glass-house cinders, or clinkers, employed 
in hydraulic mortar P 

Because they contribute to its rapid consolidation. 
This advantage was employed in the construction of 
the bridge of Louis XVI. at Paris, and in building 
the jetties and fort at Cherbourg. 

POTTERY. 

Why is common clay of a brownish colour? 
Because of the oxi^ of iron which it contains. 

Why is nickel prized by the French manufacturers 
of porcelain ? 

Because its oxide affords them a very delicate grass- 

f3 
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green, and like other metallic colours this bears the 
intense heat of their ovens without injury. A hya- 
cinthine colour may be given to £int-glass by melting 
it with this oxide. — Parke$, 

Why is manganese serviceable in the arts? 

Because its oxides are used in preparing bleaching 
liquor ; in purifying glass, (for which purpose, accord- 
ing to Pliny, it was employed two thousand years ago) ; 
in glazing black earthenware ; and colouring porce- 
lain enamels. 

Why are tJie Staffordshire potteries concluded to he 
of Roman origin P 

Because evident remains of Roman potteries have 
been repeatedly discovered, at a considerable depth 
below tike present surface of the land. 

The better kinds of pottery, called in this country, 
Staffordshire ware, are made of an artificial mixture of 
alumina and silica ; the former obtained in the form 
of a fine clay from Devonshire chiefly ; and the latter 
consisting of chert or flint, which is heated red hot, 
quenched in water, and then sifted to powder. Each 
material, carefully powdered and sifted, is diffused 
through water, mixed by measure, and brought to a 
due consistency by evaporation: it is then highly 
plastic, and formed upon the potters' wheel or lathe 
into various circular vessels, or moulded into other 
forms, which, after having been dried in a warm 
room, are enclosed in baked clay cases, resembling 
bandboxes, and called seggars; these are ranged in the 
kiln, so as nearly to fill it, leaving only space enough 
for the fuel ; here the ware is kept red hot for a con- 
siderable time, and thus brought to the state of bis- 
cuit. This is afterwards glazed, which is done by dip- 
ping the biscuit-ware into a tub containing a mixture 
of about 60 parts of litharge, 10 of clay, afid 20 of 
ground flint, difi'uscd in water to a creamy consistence, 
and when taken out enough adheres to the piece tt» 
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give an uniform glazing when again heated. The 
pieces are then again packed up in the seggars, with 
small bits of potterv interposed between each, and 
fixed in a kiln as beiore. The glazing mixture fuses 
at a very moderate heat, and gives an uniform glossj 
coating, which finishes the process, when it is intended 
for common white ware. 

The manufacture of Worcester porcelain is de- 
scribed as follows: The siliceous and other substances 
are first pulverized by an iron roller, which weighs 
upwards of two tons, and revolves in a groove not un- 
like that of a cyder-mill ; after this they are calcined, 
and then ground at the water-mill, sufficiently fine to 
filter through sieves, through which no particle of 
greater dimensions than the d7,000th part of an inch 
can pass. The composition then, in its liquid state, 
is dried upon the slip kilns till it becomes of the con- 
sistency of clay, when it is taken to the throwing- 
room, where the ware is first formed; and from thence 
to the store-room, in which it is placed to dry gradually, 
thus preparing it for turning and pressing. The arti- 
cles being applied to the latter are diminished in thick- 
ness about one half: the ware is then put into the first 
set of kilns, called Biscuit Kilns, in which it is burned 
nearly sixty hours. Having passed through these 
kilns, such pieces as have been warped by too gi'eat 
heat, are reburned in the second. After this the articles 
are prepared for receiving their glazing, which accom- 
plished, they are a third time committed to the fire, — 
and when Uie glaze is sufficiently vitrified, they are 
taken out, and when cool, receive their finest embel- 
lishment in the painting-room ; they are then, a fourth 
time, condemned to the furnace, for the purpose of in- 
corporating the gilding and the colours with the glaze, 
after which they are burnished for the market. 

Why are the patterns upon ordinary porcelain chiefly 
in blueP 

Because of the facility of applying cobalt. These 
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patterns are generally printed ofif upon paper, which is 
applied to the plate or other article while in the state 
of biscuit, and adheres to the surface when heat is pro- 
perly applied. 

Why are gum-water and borax used in gilding porce- 
lain? 

Because, upon the application of heat, the gum 
bums off, ana the borax nitrifying upon the surface 
causes the gold firmly to adhere ; it is afterwards bur- 
nished. 

Why ought the materials for porcelain to he selected 
tvith the greatest caution P 

Because it is necessary that the compound should 
remain perfectly white aher exposure to heat ; that it 
should endure a very high temperature without fusing, 
and at the same time acquire a semi-vitreous texture 
and a peculiar degree of translucency and toughness. 
These qualities are united in some of the oriental 
porcelain, or China, and in some of the old Dresden, 
but they are rarely found co-existent in that of modem 
European manufacture. Sevres and Worcester porce- 
lain is extremely white and translucent, but it is more 
apt to crack by sudden changes of temperature ; more 
brittle, and, consequently, requires to be formed into 
thicker and heavier vessels; and more fusible than 
the finest porcelains of Japan and China. Painting 
on porcelain or in enamel is an art of great difficulty, 
and widi every care there are frequent failures: hence 
the costliness of fine porcelain. 

The Sdvres porcelain manufactory is in a village of 
that name about two leagues from Paris. It was pur- 
chased by Louis XV. in 1759, and has since been the 
property of the French Government Here was made 
a complete service for Louis XVI. of which each plate 
cost 251. and in the Tuilleries is a Sevres vase which 
cost 1000/. In 1801, Brogniart, the distinguished 
geologist, was appointed director, and to his exertions 
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the establishment is principally indebted for its cele- 
brity since the Revolution. 

According to Professor Silliman, the porcelain of 
America bids fair to rival that of the old world. 
Speaking of a manufactory in Philadelphia, he says : 
*' the porcelain is very beautiful in all the principal par- 
ticulars : in symmetry of modelling, in purity of 
whitenesSvinthe characteristic translucence, in smooth- 
ness and lustre, and in the delicacy and richness of the 
gilding and enamel painting. That it rivals the finest 
productions of Sdvres itself, it is not necessary to as- 
sert; but it certainly gives every assurance, that if 
properly supported, it will not fail to meet every de- 
mand of utility and taste, which this great and grow- 
ing country may present." The raw material is very 
abundant near Philadelphia, and in many other parts 
of the United States. 

Why is Wedgwood-ware so called P 

Because it was the invention, or rather improvement 
of Mr. Wedgwood, who, for that purpose brought mo- 
dellers firom Italy and other parts of the Continent, 
and employed a competent chemist to superintend his 
experiments. By this means, he not only excluded 
the foreign manufacture from the market, but also 
supplied a large quantity for exportation, extending 
the business far beyond all former example. 

LINEN, COTTON, ETC. 

Why is linen believed to have been originaUy ynanu- 
factured in Egypt ? 

Because of its frequent mention in the books of 
Moses, the most ancient of the Scriptural writers. The 
origiaal Hebrew, not, however, specifying the sub- 
stance of which the cloth called in the version, linen, 
was formed, would be only dight evidence of the ma- 
nu£ftcture oijkLxen cloth in Egypt at that period, were 
it not from thence that it was ftnst obtained, and thence 
only that Europe was for a long time supplied with it. 
Mummies are also generally found swathed in linen ; 
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and, as the art of preserving bodies in that manner 
was practised in Egypt in the remotest ages, there can 
be no doubt that linen was made there at an sera of 
yery great antiquity. 

Why did the manufacture of linen make hut little 
progress in Europe during the middle ages ? 

Because it was confined, both then and for a lon^ 
period afterwards, to private families, where the threaa 
was spun, and the web was wove for domestic use ; and 
its scarcity as an article of apparel, has been considered 
as one of the chief causes of the leprosy. Linen, in- 
deed, seems to have been earlier adopted as a luxury 
for the table than the person, and we read of its being 
used at banquets long before it was known as an arti- 
cle of dress. 

Why is the newly invented French ^^ papier linge^^ so 
called r 

Because it consists of a paper made to resemble da- 
mask and other linen so cleverly, that it is impossible, 
without examination, to detect the difference; and 
even to the touch, the articles made from the papier 
tinge are very much like linen, and are used for every 
pm'pose to which linen is applicable, with the excep- 
tion, of course, of those in which strength and durabi- 
lity are required. The price is very low: a napkin 
costs only five or six centimes, (about a half-penny) and 
when they are dirty, they are taken back at half-price. 

Why is it conjectured that fine India cottons were 
used in ancient Rome F 

Because there was a regular commercial intercourse 
established through the medium of Egypt between 
Rome and India, the chief part of which was on the 
coast of Malabar, (which has been ever considered as 
the greatest manufacturing district of the East) where 
the art of weaving was practised at the remotest period 
of which we have any account. Mr. Gifford, in a note 
to his translation of Juvenaly tells us, that the " serica 
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vestes were what we call fine cottons, imported into 
Europe in Juvenal's time, as they were ages before, 
from India, through the country of the Seres, the mo- 
dem Bochara :" and this is strongly corroborated in 
the Georgics of Virgil, which seem evidently to allude 
to the cotton plant : 

Of ^thiop's hoar; trees and woolly wood, 
Let others tell: and how the Seres spin 
Their fleecy forests in a slender twine. 

Dryden^s TramslaHon. 

Among the Greeks and Romans, spinning was the 
chief employment of the women : the rites of maniage 
directed their attention to it ; and the distaff and fleece 
were not only the emblems but the objects of the most 
important domestic duties of a wife. The machinery 
employed in weaving, though perhaps rude in its con- 
struction, was, in principle, similar to that still in use ; 
and the process of fulling and preparing the cloth, 
seems to nave resembled the modem practice in every 
particular point, except that of shearing the nap, with 
which the ancients do not appear to have been acquaint- 
ed. In early records we do not, however, read of cloth 
being measured, which appears to have arisen from a 
custom of weaving no more cloth in one piece than was 
sufficient to iorm a single dress. 

Muslins are to this day manufactured by the primi- 
tive loom in India, probably without alteration of the 
form in use during the earliest ages of its invention. 
It consists merely of two bamboo rollers, one for the 
warp, the other for the web, with a pair of geer, and 
the shuttle performs the office of the batton. This 
simple apparatus, the Indian weaver frequently erects 
under the shade of a tree. He digs a hole large enough 
to contain his legs, and the lower part of his geer ; he 
then stretches his warp, by fastening the rollers at due 
distances in the turf, and suspends the balances of the 
geer from the spreading branches of the tree ; two 
loops beneath the geer, into which he inserts his great 
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toes, serve instead of treddles; and with his Icmf 
shuttle, he draws the weft, throws the wajp, and 
afterwards closes it up to the web. The spinning is 
still performed by the ancient operation of die distaff. 
——Beckmann, 

Why is woollen a less advantageous mjanufacture than 
cotton P 

Because wool undergoes great waste in the process 
of being made into cloth, by scowering and shearing, 
which may be taken at one half, and the expense is 
greater, wnilst cotton incurs no waste of importance. 
In 1819 the consumption of cotton in great Britain 
was 428,500 bags ; in 1822, 550,800 ; in 1825, 616,940 ; 
in 1827, 662,900 ; and in 1828, 732,700 ; by which it 
appears that the consumption was nearly doubled within 
ten years. 

The average fineness of cotton may be taken at twenty 
hanks to the pound ; and, as each hank is 840 yards, 
or nearly half a mile, every pound is nearly ten miles ; 
and the whole, about 400,000 miles, are produced in 
about sixty-six working hours. In round numbers, this 
is 6000 miles per hour, or 100 miles a minute. Every 
fibre passes through no less than ten sets of machinery ; 
hence the united spindles and threads travel through 
1000 miles a minute. The noise of their united fric- 
tions and collisions, and the united hum of thousands 
of little spindles, each revolving 4000 miles a minute, 
may therefore be accounted for. 

The estimated number of looms propelled by water 
and steam power, in the United Kingdom, is 58,000. 
The average produce, taking it at twenty-two square 
yards a day, makes 1,254,000, or 1,741 yards a mi- 
nute; weekly, 7,524,000; monthly, 31,300,000; yearly, 
376,200,000. Allowing six yards to each person for 
yearly consumption, will supply 62,700,000, and will 
cover 62,700 acres of ground, and in length would ex- 
tend 213,750 miles, and reach across the Atlantic Ocean 
seventy-one times. — Manchester' Journal. 

Among the wonders of this branch of manufacture 
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the following deserve mention. In 1745, a woman at 
East Dereham, in Norfolk, spun a single pound of wool 
into a thread of 84,000 yards in length, wanting only 
eighty yards of forty-eight English miles ; which, at 
that period, was considered as a circumstance of suffi- 
cient curiosity to merit a place in the records of the 
Royal Society. Since that time, however, a young lady 
of Norwich nas spun a pound of combed wool into a 
thread of 168,000 yards, and she actually produced from 
the same weight of cotton a thread of 203,000 yards, 
equal to upwards of 115 English miles: — this last 
thread, if woven, would produce about twenty yards 
of yard-wide muslin. Even our young readers may 
remember the eccentric triumph of Sir John Throgmor- 
ton, who sat down to dinner wearing a coat which had 
that morning been wool on the sheep's back. 

Why is the s^pmning-frwrne superior to the jenny ? 

Because, though the spinning-jenny invention, in 
1767, by Hargreaves, a carpenter, at Blackburn, in 
Lancashire, gave the means of spinning twenty or thirty 
threads at once, with no more labour than had been 
previously required to spin a single thread, — the thread 
spun by the jenny could not be used except as weft, 
being destitute of the firmness or hardness required in 
the longitudinal threads or warp. Mr. Arkwright sup- 
plied this deficiency by the invention of the spinning- 
frame, that wonderful piece of machinery, which spins 
a vast number of threads of any degree of fineness or 
hardness, leaving to man merely to feed the machine 
with cotton, and to join the threads when they happen 
to break. It is not difficult to understand the principle 
on which this machine is constructed, and the mode of 
its operation. It consists of two pairs of rollers, turned 
by means of machinery : the lower roller of each pair 
is furrowed or fluted longitudinally, and the upper one 
is covered with leather ; to make them take a hold of 
the cotton. If there were only one pair of rollers, it is 
clear that a carding of cotton, passed between them, 

PART X. G 
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would be drawn forward by the revolution of the rol- 
lers ; but it would merely undergo a certain degree of 
compression from their action. No sooner, however, 
has the carding, or roving, as it is technically termed, 
began to pass through the first pair of rollers, than it 
is received by the second pair, which are made to re- 
volve with (as the case may be) three, four, or five times 
the velocity of the first pair. By this admirable con- 
trivance, the roving is drawn out into a thread of tlie 
desired degree of tenuity, a twist being given to it by 
the adaptation of the spindle and fly of the common flax- 
wheel to the machinery. Such is the principle on which 
Mr. Arkwright constructed his famous spinning-frame. 
It is obvious that it is radically different from the pre- 
vious methods of spinning, either by the common hand- 
wheel or distaff, or by the jenny, which is only a mo- 
dification of the common wheel. Spinning by rollers 
was an entirely original idea. Mr. Arkwright stated 
that he accidentally derived the first hint of his great 
invention from seeing a red-hot iron bar elongated by 
being made to pass between rollers ; and though there 
is no mechanical analogy between that operation and 
the process of spinning, it is not difficult to imagine 
that by reflecting upon it, and placing the subject in 
different points of view, it might lead him to his in- 
vention.* — Ency. Brit, 

Why is the spinning mule so named P • 
Because it is a compound of the machinery used in 
the hand-jenny and water-frame. 

Why is cambric so called P 

Because it was first manufactured at Cambray in 
France. 

* Mr. Arkwrif^ht's oiachines, on their first introduction, were reck- 
oned advene to the interests of the working-classes, and repeated attack* 
were made on the factories built for them ; vet the result has ahown the 
absurdity of these prejudices. It is doubtml whether 30,000 persons 
Dwre employed in all the branches of the cotton manu£eictnre at the 
above period j whereas, in consequence of those very inventions which 

directly engaged in its differtmt departments. r^-^v^ 
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Why may Rouen he eonsidered the Manchester of 
France ? 

Because it is the great seat of the cotton manufac- 
tures, containing nearly 200 factories, employing from 
55 to 60,000 persons. The proximity of Rouen to 
Havre-de-grace, the great American port, gives it the 
same advantage, in point of situation, as Manchester 
derives from being near Liverpool. 

Why does netting differ from knitting P 

Because the firat is performed by knotting into meshes 
that cannot be unravelled ; while the second is, by a 
certain arrangement of loops so connected with each 
other as to be highly elastic without separation, yet 
capable of being unravelled, and having the same 
thread applied to any other use. 

Why luis it been conjectured that knit-stockings tuere 
invented in Scotland P 

Because the earliest account of this kind of knitting 
is traced in a patent granted in France to a guild of 
knitters, who chose St. Fiacre, a Scotchman^ for their 
patron. 

The introduction of knitting into this country, is 
however, involved in much controversy. Howell says 
that ** Henry VIII. wore, ordinarily, cloth hose, except 
tiiere came from Spain, by great chance, a pair of silk 
stockings. King Edward, his son, was presented with 
a pair of long Spanish silk stockins, by Thomas Gresh- 
am, his merchant." But, that woollen stockings were 
not only in use, but perhaps knit in this country, dur- 
ing the reign of Henry VIII. seems placed beyond 
doubt by this authentic household recora. : — 

" IB33. 25 H. 8. 7 Sept — Peyd for 4 peyr of knytt-hose, viii s. 
"1638. 30 H. 8. 3 0ct.— Twopeyrofknytt-hose, 1«." 

The invention of the stocking-loom is thus recorded 
in the inscription to an old painting of one in the Stock- 
ing Weavers' Hall, London : — ^** In the year 1589, the 
ingenious William Lee, Master of Arts of St. John's 
College, Cambridge, devised this profitable art for stock- 

o2 
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ings, (but being despised, went to France,) yet of iron 
to himself, but to us and others of gold : in memory of 
whom this is here painted." — Seven of Lee's workmen 
returned to England, and with another laid the foun- 
dation of the stocldng manufactory in this country, 
where, in 1663, the masters were incorporated by let- 
ters-patent. In their petition the machine is described 
as consisting of two thousand parts, and making, almast 
instantaneously, two hundred meshes. 

The formatiun of the Society of the Stocking at Ve- 
nice, in 1590, implies its antiquity on the continent.* 

Why are Angola hose preferred for their superior 
warmth P 

Because they combine worsted and cotton in the 
closest intermixture of the fibre. The separate mate- 
rials are first passed through a machine called a picker 
and blower, to clean and lighten the wool or cotton, so 
that half an ounce will fill a bushel measure. These 
are then carded together, by which the intermixture is 
effected, part of each material being dyed blue and 
black. It is then spun of various fineness by throstles 
and mules. 

Why does the knitting of thread-lace differ from that 
of stockings P 

Because, in making stockings, only one thread is 
employed, and that in one uniform way; whereas, 
lace is formed of as many threads as the pattern and 
breadth require. 

Why does lace exhibit various patterns? 

Because the pattern is drawn on a piece of parch- 
ment, and fastened to the cushion of a circular box 
with pins formed on purpose, which are stuck through 
it in various places, according to the design intended to 
be represented; the requisite number of threads are 
then wound upon a small bobbin, one end being tied 
to each pin, and these are thrown over and under each 

^^^^^^"^^ ' !■■■■■ ■■■ ■!!■■■ ^W — ■■ ^1 BM-.M «■■- 

♦ SeePartlll. Origins and Antiquities, p.fi7. 
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Other in various ways ; so that the threads twine round 
the pins, and thus form the multiplicity of holes or 
eyes which produce the desired figure. 

Why is some knit-lace called point P 
Because it has heen worked, or embroidered, with 
the needle : when formed of silk, it is called blonde. 

Why was cotton-lace formerly in such disrepute P 
Because the quality of lace depends on its transpa- 
rency, and at first, tne meshes of cotton were encum- 
bered with loose fibres, which desti'oyed its clearness ; 
and to remove these, for some years appeared to be an 
insuperable difficulty. 

Why is lace " gassed P^^ 

Because the name of the gas may penetrate the 
meshes, and free them of these loose fibres, which is 
done without the smallest injury to the fabric. The 
apparatus of Mr. Hall, of Nottingham, for the purpose 
of gassing lace, is thus described : — He exposes the 
lace to a horizontal tube, provided with a series of 
orifices, through which ascends carburetted hydrogen 
gas, which, lighted at one end, takes fire through the 
entire lengths of the tube, making a delicate blue flame, 
about half-an-inch high. This is supported by the 
oxygen of the atmosphere ; but the oxygen is drawn to 
the flame by a cap, the whole length of the horizontal 
tube ; and the cap is exhausted by its connexion with 
an air-pump, of extraordinaiy dimensions, worked by 
machinery: hence a brisk current of air constantly 
passes over the inflamed hydrogen. At the same time, 
stop-cocks and valves are so provided, as to regulate 
both the emission of the hydrogen gas, and the ex- 
haustion of the gas above it. A similar tube, with 
orifices, and a cap, is laid at about a foot distance &om 
the other, and then by means of rollers on each side, 
the lace is carried through the two lines of flame, and 
being returned again, the operation is complete. The 
several machines, as well as the exhausting pumps, 
are worked by >\ ater power. — Sir R. Phillips^ Tour, 

G 3 
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Why does ordinary weaving differ from lace-weaving P 
Because it has tne warp perpendicular iustead of 
horizontal ; and, instead of the shuttle moving at right 
angles, brass bobbins, in brass carriages of very curious 
and delicate structure, are made to pass in cross direc- 
tions round the warp threads obliquely, so as to pro- 
duce the hexagonal meshes. In truth, the principle of 
the machine is to produce the very same result as is 
effected by the evolutions of the bobbins on the pillow 
or cushion in hand lace-making. 

Weavers, or lace-machine hands, are paid by the 
number of holes, or meshes, which run from 320 to 
520 the square inch. The estimate is made by the 
rack, or 240 holes lengthways, for which they receive, 
according to breadth, from threepence to eightpence 
per rack. 

WOOLLENS. 

Why was Spanish wool formerlv so valuable P 
Because it was the produce of the original stock, 
from which the whole of the Merino sheep now in ex- 
istence have been drawn. This was from a flock trans- 
ported from the Coteswold Hills in Gloucestershire, to 
Castile, in 1464. Until within these few years, the 
only fine wool known was the Spanish wool, which, at 
that time, was supplied to England, France, and the 
Netherlands, for their fine cloth manufactures. Bat 
the ravages of war destroyed many flocks, and the 
original system of keeping the sheep was lost, so that 
the wool has degenerated into a quality not worth more 
than one-third of the same stock of sheep in Germany. 

Why has Saxony become so celebrated for its wool- 
trade P 

Because the late King of Saxony, when Elector, 
introduced the breed of Merino shee]^ into Germany, 
which has since transferred the valuable trade in fine 
wool, almost wholly from the Spanish to the German 
soil. Thus, Gennany realized in 1829, the sum of 
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£5,199,934. by the growth of wool, instead of the 
worthless hair produced upon the old indigenous sheep 
of the country, which was scarcely in sufficient quan- 
tity to supply the peasantry with worsted petticoats 
and stockings. Of the above quantity, there were im- 
ported into England, 23,110,822 lb. of wool, which 
averaged at ls.6d. per pound, makes a return of 
jG 1, 733,31 1 . 13*. There is likewise a growing prospect 
of a supply of Merino wool, equal to the consumption 
of Great Britain, being produced from her two colo- 
nies of New South Wales and Van Dieman's Land. 

Whi/ is foreign superior to British wool? 

Because abroad tne wool is giown without seeking 
any other result than wool, — whereas, in England, the 
farmer sacrifices every advantage of quality in the 
wool, to the necessity of exposing the sheep to incle- 
ment weather on the fallow land ; and to die produc- 
tion of a fine fat carcase — both of which are incompa- 
tible with anything like excellence in the quality of the 
wool. If these motives did not exist, the sheep would 
then be kept /or their wool; but under so very different 
a mode of treatment, as to place it on a level with the 
Merino wool of Germany. 

English historians generally attribute the establish- 
ment of the woollen manufactures in this country to 
the reign of Edward III., but according to the Exche- 
quer records, there were several guild fraternities of 
weavers established here so early as the middle of 
the twelfth century. Beyond this, Gervase of Canter- 
bury, who wrote about the year 1202, says, when 
speaking of the inhabitants of Britain, that ** the art 
of weaving seems to be a peculiar gift bestowed upon 
them by nature." 

Why is it inferred that the finest wool might he grown 
in England P 

Because in this country every circumstance attend- 
ing the breed and mode of keeping sheep, is favourable 
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to a most extensive growth of wool ; as exposure to the 
changes of the atmosphere, and the extreme richness 
of their food, hoth tend to increase the weight of co- 
vering on the animals. The average weight of a fleece 
of the German Merino breed, is somewhere about 2^ 
to 3 pounds ; whilst that of a fat Leicester sheep is 
from 8 to 9 pounds. 

In Russia, an instrument called a wool-measure, 
has lately been invented, by aid of which, the breeders 
of sheep who desire to improve their stock, may choose, 
by the fineness of their wool, the best rams to breed 
from : they may even ascertain the different degrees of 
the fineness of the wool, in different parts of the body 
of an animal, or if a single hair be of the same dia- 
meter throughout its whole length; the measure being 
divided into one-hundred-thousandth part of an inch. 

Why does the prosperity of the wooUtrade in Franee^ 
depend on the exertions of ike agrtctUhtrists to amelio- 
rate the quality of the fleeces P 

Because the rrencn government encourage the ex- 
clusive use of their own wool, by heavy duties on the 
raw material of other countries; and, accordingly, 
nearly four-fifths of the wool consumed in France is of 
native produce. 

Why was the tvoollen manufacture of France so pros- 
perotu under Louis the Fourteenth ? 

Because Colbert, the famous minister of that day, 
persuaded the king to offer a bonus of 2,000 livres for 
each loom at work, and to permit the nobility to enter 
into manufacturing speculations without derogating 
from their rank. 

Why does each country of the earth produce its own 
peculiar wool or cloth P 

Because eveiy one has some breed of sheep or other, 
either indigenous to the climate, or naturalized by the 
inhabitants from some other part. Of these there is 
an endless variety, each producing a different quality 
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of wool, from the extraordinarily fine Merino wool, 
grown in Silesia, down to the coarse, harsh, and brittle 
clothing of the sheep in tropical climates. 

Why have the Gobelin manufactories become so cele- 
brated ? 

Because they were originally established by Jean 
Gobelin, upon the river Bievre, near Paris, the water 
of which is considered very favourable to the process of 
dyeing. The family of Gobelin were, however, only 
dyers, although their name became attached to the 
quarter in which they lived, and even to the above 
river. They soon became rich, renounced their trade, 
and filled various offices in the public service. 

Why were the Gobelin tapestries so named P 
Because the successors of the Gobelins not only dyed 
wool, but made tapestries. Formerly works of this 
kind were confined to Flanders, where the celebrated 
tapestry after Raphael's Cartoons was executed ; but, 
at present, there is no manufactory equal to that of the 
Gobelins. 

Why are the carpets of the Gobelins and the Savonne- 
Wc so highly prized P 

Because of the length of time required to perfect 
them ; sometimes five or six years. They are seldom 
valued at less than jC200 or jC300 each. The largest 
caipet ever made at la Savonnerie, is probably that ma- 
numctured for the gallery of the Louvre. It consists 
of seventy-two pieces, and is more than 1,300 feet in 
length. 

In carpet weaving, the wool passes throught seventeen 
processes or sets of hands, to produce the wai*p. Thus, 
the fleece wool is sorted ; then scoured ; and combed by 
machine or hand. It is then run through a breaking 
frame and carding-engiue ; thence it is carried to 
various drawing frames, to produce regularity in the 
combined fibres ; it is then made into a roving, and 
carried to the spinning-frame and made into single- 
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worsted ; afterwards double ; and then ready for 
scouring and dyeing, warping and weaving. 

Why are Cashmire shawls so successftdly manufac- 
tured %n France? 

Because the breed of the Thibet goats has been 
naturalized there ; and the French wool supplies the 
place of the oriental so perfectly, that all smuggling 
from India is at an end. 

It is said that these shawls were brought into use 
by the officers of the army of Egypt after their return 
from the expedition so fatal to the Mamelul^es, from 
whom a large quantity was captured. The rage then 
began among the French ladies for these beautiful 
articles, but their very high prices, as well as that of 
the wool of which they are made, prevented them 
for some time from being common. The raw material 
is supplied by the goats which browse on the plains of 
IQiirgiz, whence it is brought to Moscow for sale, and 
it is calculated that a pound of this genuine wool, 
which hardly suffices for the chain of a shawl, cannot 
be imported thence into France, washed, picked, and 
spun, for less than 150 francs, 6/. bs. 

Why is bonibazeen so called ? 

Because of its corruption from bombycina, the Latin 
name for stuffs composed of a mixture of silk and 
woollen ; and this term is from bombyx, silkworm, and 
SincBy China. 

SILK. 

Wh^ was silk so little used among the Romans P 
Because the Roman authors were altogether igno- 
rant of its origin ; some supposing it to be grown on 
trees, as hair grows on animals, otiiers that it was pro- 
duced by a small fish, similar to the mussel, which is 
known to throw out threads for the purpose of attaching 
itself to rocks ; others that it was me entrails of a sort 
of spider, which was fed for four years with paste, and 
then with the leaves of the green willow, till it burst 
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with fat; and others that it was the produce of a worm 
which huilt nests of clay and collected wax. 

W]iy is it said that tve are indebted to the Mgotry of 
former times for our present improved silk manufac- 
tures P 

Because, in the yejir 1686, nearly 50,000 manufac- 
turers fled from France, took refuge in England, in 
consequence of the revocation of the Edict of Nantz, 
by Louis XIV. who thus, as Pennant observes, sent 
thousands of the most industrious of his subjects into 
this country, to present his bitterest enemies with the 
arts and manufactures of his kingdom: hence the 
origin of the silk trade in Spitalfields. It appears, 
however, that there was a company of silk women in 
England so early as the year 1465 ; but these were 
probably employed in needleworks of silk and thread. 
Italy supplied England and all other parts with the 
broad manufactories till 1489. In 1620 the broad 
manufacture was introduced into this country; and in 
1686 the company of silk-throwsters employed above 
40,000 persons. 

As a specimen of individual enterprize in this branch 
of manufacture, we must notice Sir Thomas Lombe, 
who, about the year 1724, erected in an island on the 
Derwent, near Derby, a curious mill for the manufac- 
ture of silk, the model of which he had brought from 
Italy, at the hazard of his life. This machine was 
deemed so important, that, at the expiration of Sir 
Thomas's patent, parliament voted him 14,000/. for 
the risk he had incurred, and the expense attending 
the completion of the machinery. This contained 
26,586 wheels ; one water wheel moved the whole, 
and in a day and night it worked 318,504,960 yards 
of organized silk. Such, however, is the march of 
ingenuity, that Sir Thomas's famous machinery has 
not been used at Derby for some years, but improved 
machinery, which performs twice the work, in less 
room, is now adopted. 
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Why u silk one of the most important of manufac- 
tures P 

Because it furnishes subsistence to several millions 
of human beings ; since there is scarcely an individual 
in the civilized world who has not some article of silk 
in his possession. 

The perseverance of our^nanufacturers has enabled 
them to ship British Bandana handkerchiefs for India, 
a circumstance which was triumphantly mentioned by 
the late Mr. Huskisson, in the House of Commons, 
about two years since. They have also been exported 
to France, in considerable quantities. 

In the printing of silk handkerchiefs there has been 
considerable improvement during the last few years. 
Most of the India handkerchiefs are now printed in 
England. Some of the blocks display first-rate in- 
genuity ; the patterns or subjects having all the attrac- 
tions of engraved prints. Tnus, it will be curious, a 
few years hence, to see the wonders of our times, as 
the Thames Tunnel, Sec. and the political characters 
of the present day, treasured up in the cabinets of the 
curious, on pocket-handkerchiefs. Yet the idea is only 
a refinement of the old plan of printing the alphabet, 
and cuts of nursery stories, on cotton handkerchiefs, 
for children ; the silk prints being but for " children of 
a larger growth." We believe the public are indebted 
for these amusing embellishments to the ingenious 
Mr. Applegath, of Crayford, Kent, whose patent im- 
provements in block-printing, generally, deserve more 
space than we can here devote to them. 



END OF PART X. 
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Printed by C. Richards, St. Martin't^lanr, Chartng-eraa*, 
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